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BURNS\\MEDONNELL

July 17,2017

Ms. Deb Ary

Utilities Engineer

The City of Wichita, Department of Public Works & Utilities
455 N Main

Wichita, Kansas 67202

Re: FINAL Documents
Burns & McDonnell Project No. 90341 — Water Master Plan
Burns & McDonnell Project No. 90342 — Sanitary Sewer Master Plan

Dear Ms. Ary:

In accordance with the Water and Sewer Master Plans Executed Agreement, dated March 15,
2016, Burns & McDonnell is respectfully transmitting three (3) comprehensive hard copies and
one (1) electronic (.pdf) copy of the FINAL Master Plan Documents, consisting of the following
components:

e Comprehensive Executive Summary (Water and Sanitary Sewer)
e Water Master Plan

e  Water Master Plan — Appendices

e Sanitary Sewer Master Plan — Collection System

e Sanitary Sewer Master Plan — Collection System Appendix M

e Sanitary Sewer Master Plan — Facilities

For clarity, the hydraulic models associated with each master plan have been delivered to City
staff which includes the raw water system model, Hess reservoir system model, water
distribution system model, and the collection system model.

Over the last 18 months, Burns & McDonnell assisted the City of Wichita’s Public Works &
Utilities Department in developing this Integrated Water and Wastewater Master Plan to prepare
for projected changes in Wichita’s population, problems caused by aging infrastructure, and
treatment challenges posed by growth and/or stricter regulatory nutrient removal requirements
anticipated through the year 2045.

In collaboration with the City, Burns & McDonnell developed Capital Improvements Plans
(CIPs) for performance/hydraulic, growth related, redundancy/reliability, fire flow, and
regulatory-driven improvements for the raw water, water treatment, and distribution systems, and
at all five wastewater treatment plants, pump/lift stations, force mains, conveyance, collection
systems. If implemented, these CIPs will help mitigate risks of overtaxing the City’s water and
wastewater infrastructure based on the water demand projections, and corresponding sanitary
sewer loadings, evaluated in each planning period.

9400 Ward Parkway \ Kansas City, MO 64114
0 816-333-9400 \ F 816-333-3690 \ burnsmcd.com
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The main project components, as summarized in the FINAL Master Plan document, include
water and sewer system master planning, hydraulic modeling, water and wastewater treatment
facilities evaluations, and development of the capital improvements planning for the entire water
and sanitary sewer service area.

The treatment scenarios and related CIPs developed for the water and sanitary systems are
presented in detail in the enclosed comprehensive Master Plan document. Nearly $1B of
‘combined improvements are set forth in the Water and Sanitary Sewer Master Plans. Through
the use of the City’s CIP program, the scheduled improvements can be completed in a manner
that is affordable to the City’s rate payers, while addressing performance, growth, and
regulatory-driven concerns. '

We sincerely appreciate the Public Works & Utilities Department, Ms. Ary, and her dedicated
staff for the opportunity to complete this important project for the City of Wichita. Should you
have any questions regarding the FINAL Master Plan document, please do not hesitate to reach
out to us.

Sincerely,

Cawemtl A g br i
Ryan Scott, PE Kerrie Greenfelder, PE, BCEE, ENV SP
Project Manager, Water Master Plan Project Manager, Sanitary Sewer Master Plan

KLG/cac
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1.0 EXECUTIVE SUMMARY

1.1 Introduction

The 2016 Water Master Plan (WMP) updates the existing water distribution system hydraulic model to
evaluate current and future conditions to develop capital improvement projects for the year 2020, 2035,
and 2045 planning periods. Other modelling efforts include an update to the raw water model to evaluate
maximum flows from the EBWF and Cheney supply systems under varying conditions and model
development of the Hess reservoir system to evaluate water age and recommend improvements. Facility
master planning for the raw water system, water treatment plant (WTP), and water distribution system
employs capacity-based assessments, prepares redundancy and reliability recommendations, includes a
regulatory compliance review, emergency planning considerations, and a water conservation review and

recommendations.

1.2 Water Demand
The City developed water demand projections as part of the 2015 Water Resources Plan and includes a 1
percent drought and targets a 0.35 percent conservation effort through year 2060. In 2014, the City
decided on a 1 percent drought tolerance to provide greater water supply resiliency. Water conservation
is also part of the City’s long-term strategy to reduce the need for a new water supply source.
Additionally, conservation efforts have reduced the base demand over the last 5 years as stated in the
Water Resources Plan. A maximum day to average day factor of 1.80 in each planning period is
representative of the meter-based water demand projection discussed in Section 3.0. The average day and
maximum day demand projections developed in the Water Resources Plan are listed below:

e 2016 at approximately 66 MGD and 118 MGD respectively.

e 2020 at approximately 67 MGD and 120 MGD respectively.

e 2035 at approximately 70 MGD and 127 MGD respectively.

e 2045 at approximately 71 MGD and 128 MGD respectively.

e For information only, in 2060 at approximately 72 MGD and 129 MGD respectively.

Meter-based average day and maximum day demand projections were also developed for comparison and,
in some respect, provide an independent validation the Water Resources Plan projections discussed
above. The meter-based projections for each planning period are listed below:

e 2016 at approximately 62 MGD and 114 MGD respectively.

e 2020 at approximately 63 MGD and 115 MGD respectively.

e 2035 at approximately 70 MGD and 125 MGD respectively.
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e 2045 at approximately 75 MGD and 129 MGD respectively.

After review of the meter-based water demand projections and comparison with the Water Resources
Plan, City staff concludes the projections from Water Resources Plan are adequate for the hydraulic

modeling and evaluation for the development of capital improvements in this Water Master Plan.
1.3  Water Distribution System

131 Hess Pressure Zone Pumping

Pressure control is very important to the City’s operation of Hess HSPS as water main breaks in the
downtown area have occurred when pressure increases above 93 psi at Central and Main, therefore, the
City has a target pressure of 92 psi. Under maximum day and peak hour demands, model results indicate
the pressure at the HSPS and at Central and Main is approximately 99 psi and 92 psi. Hess HSPS has the
operational flexibility to maintain the target pressure as system demands approach 154 MGD (peak hour)
by a combination of the actions listed below. These actions are typically performed daily by WTP

operators as the system is controlled manually:

¢ Running a combination of higher head pumps (Nos. 1, 2, 3, 4, 6, or 8) at a constant reduced speed
with the VFDs;

e Running a combination of higher head pumps at full speed and one higher head pump with a
VFD to deliver varying rates of flow at an operator-selected constant discharge pressure;

e Lowering the operating level in the Roosevelt and Woodlawn towers to mitigate drafting and
reduce the pressure or hydraulic gradient in the distribution system; and

e Adjusting the sleeve valve at Webb Road reservoir to sustain higher upstream pressure;

o Sleeve valve adjustments that increase the upstream pressure result in lower flows into
Webb Road reservoir.

o Supplying the Northeast pressure zone entirely from Webb Road PS (37" St BPS off);
this will increase turnover in the reservoir, but this in turn requires a longer time to
replenish the volume exhausted by peaking demands in the Northeast pressure zone.
Interstitial flows and/or demand conditions that cannot be delivered by Webb Road PS

alone will require use of 37" BPS.

Other measures that should be considered for further evaluation in terms of pressure control include
expanding the East pressure zone into Hess pressure zone; this would also increase the operating potential

of Southeast BPS service in the East pressure zone.
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The pumping capacity at Hess HSPS can adequately supply the 2016 projected minimum hour, maximum
day, and peak hour demands required by the system of 55.6 MGD, 114.1 MGD, and 154.0 MGD
respectively.

1.3.2 East Pressure Zone Pumping

Currently, Webb Road PS is the primary supply mechanism serving the East pressure zone and is
controlled by discharge pressure, targeting between 55 psi and 65 psi at the pump under varying rates of
flow. WTP operators also monitor pressure at the intersection of Kellogg Drive and Webb Road which is
at a higher elevation of approximately 1,367 feet (70" percentile with respect to the entire pressure zone)
and has historically experienced lower pressure than the remainder of the East pressure zone; therefore, it

is used as a secondary operational control point.

The pumping capacity at Webb Road PS is adequate to deliver the projected 2016 maximum day and
peak hour demands of 16.5 MGD and 22.4 MGD respectively to the East pressure zone. The pumping
capacity at Southeast BPS is adequate to deliver approximately half of the maximum day demand, 8.3
MGD, in parallel with one pump at Webb Road PS; however, this is not recommended because the pump
pushes to the left and higher up on the pump curve resulting in a discharge pressure of approximately 120
psi and increases system pressure by approximately 20 psi in the East pressure zone. Southeast BPS is
better suited to deliver approximately half of the peak hour demand in parallel with one pump at Webb
Road PS without exceeding tolerable pressure increases, approximately 10 psi, at Webb Road PS and at
the intersection of Kellogg and Webb Road. Model results indicate a discharge pressure of approximately

107 psi at Southeast BPS under peak hour demand conditions.

City staff and WTP operators reported difficulties operating the Southeast BPS that are potentially caused
by recycling water back into Hess pressure zone — when the BPS was in service there was minimal
increase in discharge pressure. Modeling results validate this theory and is likely caused by an open
pressure zone boundary valve or multiple valves that should normally be closed to isolate the Hess and
East pressure zones. Southeast BPS was designed to pump into a closed pressure zone when demands are
high and bypass flow during low and moderate demand periods. The bypass line and valves in the pump

station should also be checked to confirm there is no reverse flow when the BPS is in service.

The Southeast BPS was installed to address low pressures south of Kellogg and Webb and in neighboring

areas west of this intersection in the Hess pressure zone, meet the projected and expansive growth in the
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East pressure zone, and transfer of customers from the Hess pressure zone through a western expansion of
the East pressure zone. Prior to 2006, pressures near the intersection of Kellogg and Webb were
approaching 20 psi during peak demands. Future growth that was expected to occur beyond the northern
and southern limits of the existing distribution system has been marginal and recommendation to expand
the East pressure zone into the Hess pressure zone about 3 miles west to Edgemoor Street was not
implemented, which would have also increased East pressure zone demand. While these conditions are
working against the intended purpose, the model indicates the Southeast BPS pumps current use should

be limited to higher peak hour demands in parallel with Webb Road PS.

1.3.3 Northeast Pressure Zone Pumping
Webb Road PS is the primary water supply mechanism for the Northeast pressure zone and 37" Street
BPS provides peaking assistance during high demand periods on an as-needed basis. Webb Road PS
pump selection is based on maintaining a pressure of approximately 50 psi at the intersection of 34" and
Webb Road. The pumping capacity at Webb Road PS can adequately supply the projected 2016
minimum hour, maximum day, and peak hour demands of 4.1 MGD, 8.4 MGD, and 10.3 MGD
respectively assuming the published curves can be operationally replicated. No conclusions can be drawn
on the pumping capacity of BDP-2 (Webb Road PS) because the SCADA historian data suggests the
pump curve has shifted. Similarly, no conclusions can be drawn on the 37" Street BPS pumping capacity
because the SCADA historian data suggests the pump curves have shifted or are being influenced by the
mechanical governor on Pump No. 1. New pumps at Webb Road PS are currently being designed by
others and will be evaluated in the future planning period model scenarios; however, if the new pumps are
not installed within a year at Webb Road PS, then pump testing should be performed on each pump to
develop new curves and compared to the published curves. Whether new or existing pumps reside at
Webb Road PS, all pumps at 37" Street BPS should be tested to develop new pump curves. If pump
testing results in pump curves like the published pump curves, then investigative efforts should include
the following:

e Calibration confirmation of pressure transducers (suction and discharge) and flow meters at each

pump station;

e Confirm the pressure zone boundary isolation;

e Confirm all valves that should be opened in each pump station are fully open;

e Confirm full valve closure on bypass pipes when Webb Road and Southeast BPSs are in service —

bypass pipe valve status is conditional based on what pumps are running; and
o Confirm full valve closure on bypass pipes, if present, at wholesale customer connections and

confirm reverse flow is not permitted from wholesale customer systems.
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1.3.4 West Maple Pressure Zone Pumping

The pumping capacity of West Maple BPS can adequately supply minimum hour, maximum day, and
peak hour demand conditions of 50 gpm, 104 gpm, and 140 gpm respectively. Model results simulating
the 1-inch pipe connection from the discharge header to the suction header indicate the pump recycles
water within the pump station effectively causing the pump to deliver more flow than is required by the
pressure zone demand at a lower head. Since the pipe is small enough, the amount of water recycled
through the pump station is marginal, and any decrease in discharge pressure affecting the pressure zone
maybe unnoticeable. If water demand in West Maple pressure zone increases and diurnal patterns
become more stable, for example consistent minimum hour and peak hour factors greater than 0.5 and
less than 2.0 respectively, then the effectiveness of this pipe should be evaluated to determine if it is
necessary. Conversely, if water demands increase and diurnal patters continue to be widely variable, then
the size of the connection should be evaluated to determine if a larger diameter enhances pump station
operation.

1.3.5 Water Main Hydraulics

Over 99.9 percent of all pipes evaluated in the model comply with velocity and headloss criteria. The
remainder of pipes have a velocity either exceeding 5.0 fps or headloss greater than 6 ft per 1,000 ft, but
not both, and has a marginal impact on the capacity and performance of the distribution system under
maximum day and peak hour demand conditions. The model results for water main hydraulics indicate
the existing distribution system is robust, acceptable headloss for the demand conditions evaluated, and

has adequate capacity to convey minimum hour, maximum day, and peak hour demand conditions.

1.3.6  Available Fire Flow
The model is used to evaluate the available fire flow at all junctions at a residual pressure of 20 psi under
the maximum day demand of 114.1 MGD. There are approximately 19,350 junctions in the existing
distribution system model and each junction is assigned a fire flow of 1,000 gpm. The adequacy of the
distribution system to convey fire flows can be characterized by the number of junctions resulting in
available fire flow less than 1,000 gpm. Only 70 junctions, or 0.4 percent of all junctions, result in
available fire flows less than 1,000 gpm and only about 20 junctions, or 0.1 percent of all junctions, result
in flows less than 800 gpm. Typically, residential fire flow needs can be satisfied with 750 to 1,200 gpm.
Areas with fire flows ranging between 750 gpm and 1,000 gpm are listed below:

o Dead end water mains in the West Maple pressure zone;

e The area northwest of the Central Ave and Webb Rd intersection in the Hess pressure zone; this

is the eastern periphery of Hess pressure zone; and,
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o Dead end water mains southeast of the Butler Rd and SW 120% St intersection in the East

pressure zone; this is the eastern periphery of the East pressure zone.

1.3.7 Water Age
The water quality analysis computes water age in the distribution system to evaluate residence time in
tanks and assist in predicting areas in the distribution system with the greatest potential for water quality
deterioration. EPS model scenarios evaluate water age under average day and maximum day demand
conditions of 62.0 MGD and 114.1 MGD respectively. Distribution system areas resulting in the highest
water age under average day demand conditions include the periphery Hess pressure zone, most of the
Northeast pressure zone, and the eastern and southern periphery of the East pressure zone, which, by all
accounts, is expected as the majority of the distribution system functions as a closed system and these
areas are the furthest from the WTP. The average water age over the entire distribution system under
average day demand conditions is approximately 2.9 days (69 hours). The average water age under
average day demand conditions for each pressure zone is listed below:

o Hess Pressure zone = 2.5 days (61 hours);

e East pressure zone = 3.7 days (88 hours);

o Northeast pressure zone = 4.8 days (114 hours); and

o West Maple pressure zone = 7.4 days (177 hours).

The average age over the entire distribution system based on maximum day demand conditions is
approximately 2.7 days (64 hours). The distribution system locations resulting in the highest water age
under maximum day demand conditions include a smaller area of the vicinities described above for the

average day demand.

1.3.8 Storage
A summary of the storage evaluations, based on the current maximum day demand for each pressure
zone, for the following operating conditions are as follows:

e Uninterrupted WTP production supplying the Hess reservoir system:

o Northeast pressure zone has adequate effective storage to satisfy the minimum storage
requirement (fire plus equalization). There is approximately 1.35 days (32.4 hours) of
storage that can be allocated for emergency use or the City could reduce the active
storage in Webb Road reservoir depending on the desired amount of emergency storage.

o East pressure zone has adequate storage in the Hess reservoir system to satisfy the

minimum storage requirement and approximately 0.21 days (5.2 hours) of emergency
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storage based on its respective storage allocation. Based on the pumping capacity with
backup power, Webb Road PS could deliver a 24-hour demand of approximately 11.6
MGD that would include a peaking demand of 25.0 MGD. If the City desired an
effective pumping capacity with backup power to exceed the maximum day or peak hour
demand in addition to fire flow, then backup power for one pump at Southeast BPS is
required.

o Hess and West Maple pressure zones have adequate effective storage in the Hess
reservoir system to satisfy the minimum storage requirement and approximately 0.25
days (6.1 hours) of emergency storage. Hess HSPS has adequate effective pumping
capacity with backup power to deliver peak hour plus fire flow requirements in Hess
pressure zone.

e Loss of WTP production and a finite volume in the Hess reservoir system:

o Collectively, the Hess, East, and West Maple pressure zones have adequate effective
storage in the Hess reservoir system to satisfy the minimum storage requirement and
approximately 0.2 days (4.8 hours) of emergency storage. Restoring the vacuum priming
system is recommended to optimize the amount of emergency storage in Hess Reservoir
system if pumps need to be started below a water level of 7.0 ft. There is marginal ability
to lower the active storage volume in Hess Reservoir system with the amount of

emergency storage available based on a minimum water pumping level of 4.0 ft.

The latter emergency condition that considers loss of WTP production is evaluated to raise questions for
the City to address such as:
e What conditions could eliminate water treatment and could they be addressed and/or restored in
4.8 hours (0.2 days) or less?
e Can raw water be disinfected and diverted directly to the Hess Reservoir system?

e When will the City institute emergency water use restrictions?

1.3.9 Hess Reservoir System Hydraulics

Collectively, the model results show that the reservoir system exhibits adequate turnover based on the
2015 and 2016 average day and maximum day demand conditions. Individually, however, the 9.7 MG
reservoir does not meet the low-end turnover volume requirement of 2.4 MG. Model results for water age
at Hess HSPS is approximately 22 hours (at pump suction header) based on the 2015 average day demand
of 49.7 MGD; the water age for each reservoir is listed below:

e 3.0 MG reservoir at 4 hours;
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4.3 MG reservoir at 11 hours;
7.5 MG reservoir at 14 hours;
10.6 MG reservoir at 15 hours; and

9.7 MG reservoir at 16 hours.

The low turnover volume in the 9.7 MG reservoir simulated in the model supports the low disinfectant

residuals the City has detected in the reservoir system. Lower turnover results in higher water age and

lower disinfectant residual and higher turnover results in lower water age and higher disinfectant residual.

Model results indicate the highest reservoir water age can occur in either the 10.6 MG Reservoir or the

9.7 MG Reservoir, which is a result of the demand and corresponding water level variation in each

reservoir which is influenced by the headloss in the piping system, the forced flow pattern through

reservoir system, and the diurnal curve. In 2016, City staff collected the following residuals in each

reservoir:

3.0 MG reservoir at 3.08 mg/L;

4.3 MG reservoir at 2.9 mg/L;

7.5 MG reservoir at 0.80 mg/L;

10.6 MG reservoir at 0.60 mg/L; and
9.7 MG reservoir at 0.32 mg/L.

The reservoir model can be improved with calibration efforts to confirm water age, turnover results, and

determine viability of passive and/or active mixing system applications. Additional information needed

for calibration is water level trending and flows in/out of each reservoir. Currently, the only data

available collected by the SCADA system is the chlorine contact basin level, suction pressure at Hess

HSPS, and flow out of Hess HSPS. Using water levels and flow trends in each reservoir to calibrate the

model will accurately simulate the headloss in the yard piping system, which in return, provides a better

approximation of likely flow contributions from each reservoir under different demand conditions. This

will help identify the system demand that fosters adequate turnover and inform City staff and WTP

operators when to implement the first option (submersible pump recycle option) to improve disinfectant

residuals discussed in the paragraph below the bulleted list. The following tasks are recommended in the

order they are listed:

Grab sample testing at each reservoir and at multiple locations in each reservoir where possible.
o Based on the measurements and decay rate evaluation, assess mixing system alternatives

and viability of alternatives in reservoirs not meeting adequate results.
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o Depending on the grab sample test results, prepare a field testing plan to collect water level
trending in each reservoir during peak summer time and low winter time demand conditions to
capture minimum and peak flow conditions.

o Conduct calibration verification modeling to confirm water age and turnover results.
o Water level trending data is required to determine the applicability of passive and/or
active mixing system applications in eligible reservoirs, as part of the mixing capability is

based on maximum and minimum filling/drafting rates.

Options to decrease water age in the reservoir system while maintaining adequate turnover without
infringing on minimum storage requirements for the distribution system are limited based on the existing
yard piping, land availability, and reservoir arrangement. One option includes installing submersible
pumps in the 9.7 MG and 10.6 MG reservoirs, which have the lowest turnover and highest water age per
the model results and lowest disinfectant residuals per City staff, and pumping it to the 3.0 MG reservoir
to blend and recycle the water, thereby lowering the overall water age in the reservoir system and forcing
much needed turnover in the 9.7 MG and 10.6 MG reservoirs.

Another option to decrease water should evaluate and/or determine if any influent piping modifications
within the HSPS can be made to facilitate better turnover in the reservoirs with lower chlorine residuals,

and if so, update the model for validation.

Another option to decrease water age in the reservoir system is consolidating all 35.1 MG of storage into
a single well baffled reservoir and providing hydraulic similitude in the yard piping between the reservoir
and the influent pipes of Hess HSPS is a potential option to lower water age in the system and increase
turnover. Capital cost and constructability factors need to be assessed to determine the viability of this
option and consider site restrictions and limitations, construction time, and the ability to maintain
adequate storage during construction in the reservoir system for what may only be a slight improvement
in water age and turnover above what is currently adequate; however, a single well baffled reservoir with
bifurcation (multiple storage cells) would provide optimal operational flexibility and allow City staff to
shut down a storage cell for cleanout or shut down a cell during periods of low demand when the storage

iS unnecessary.

1.3.10 Future Growth
Population projections through year 2045 are allocated to the future growth areas. The anticipated growth

pattern provided by the City and MAPD places more emphasis on infill utilization than future
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development beyond the City’s existing water service area, but neither is a prerequisite for the other.
Growth of either type, infill or development, can happen at different rates and at different times. Since
the anticipated rate at which each growth area reaches buildout capacity was not provided, the population
allocation for future growth assumes infill utilization occurs before future development beyond the City’s
existing water service area. Infill growth represents approximately 71 percent of the total growth area and
peripheral growth represents approximately 29 percent. The maximum day demand allocations per
planning period and by pressure zone for future growth areas only are listed in Table 1.1. The population
projection and total average day and maximum day demands (includes existing system and future growth
areas) and summarized below:
e Year 2020
o Population at 416,652; and
o Average and maximum day demands at 67 MGD and 120 MGD respectively.
e Year 2035
o Population at 485,483; and
o Average and maximum day demands at 70 MGD and 127 MGD respectively.
e Year 2016
o Population at 537,603; and
o Average and maximum day demands at 71 MGD and 128 MGD respectively.

1.3.11 Year 2020 Planning Period
The water demand projections and corresponding demand conditions for the year 2020 planning period
are listed below and require approximately 2.4 miles of linear hydraulic related improvements and 4.1
miles of fire flow related improvements to support infill growth within the City’s existing water service
area:

e Maximum Day = 120 MGD

e Peak Hour = 153 MGD

e Minimum Hour = 59 MGD

There are no pumping improvements required to meet the projected water demands as all pump stations
collectively serving their respective pressure zones have adequate pumping capacity to deliver the peak
hour and maximum day plus fire flow demand conditions while maintaining pressures greater than 40 psi.
Southeast BPS can be used under peak hour demand conditions and, as a result, the discharge pressure at
Webb Road PS (East pressure zone pumps) increases to 74 psi, which is 9 psi higher than the current

desired range between 55 psi and 65 psi. The average pressure in the East pressure zone under peak hour
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Future Growth Maximum Day Demand Allocation per Planning Period

Table 1.1

Pressure Zone (MGD) Subtotal Demand (MGD) 1
Total Demand
Year Hess East Northeast West Maple Infill Peripheral | Wholesale Spirit (MGD)
Infill Peripheral Infill Peripheral Infill Peripheral Infill Peripheral
2016 0.7 - 0.3 - 0.0 - 0.0 - 1.2 - 7.0 2.5 10.7
2020 2.8 -- 13 -- 0.2 -- 0.1 -- 4.5 -- 7.0 2.5 14.0
2035 10.5 - 4.7 - 0.6 - 0.2 - 17.2 - 7.0 2.5 26.7
2045 0.7 7.8 0.3 1.7 0.0 0.7 0.0 -- 1.6 10.2 7.0 2.5 21.3
Notes:

1. This demand only represents the future growth areas.

City of Wichita, Kansas

Burns and McDonnell




2016 Water Master Plan Executive Summary

demands is approximately 89 psi with Southeast BPS on; if the BPS is off and all demand is served by
Webb Road PS, then a large area south of Harry Street and east of Greenwich Road experiences low
pressure between 25 psi and 35 psi.

Firm capacity is considered the pumping capacity with the largest pump out of service. With respect to
the Northeast pressure zone, the firm capacity of Webb Rd PS (based on new pumps to be installed in
2017) is approximately 6,500 gpm, which is less than the 2020 maximum day demand of 6,800 gpm.
Therefore, flow from 37" St BPS must be relied on to supplement firm capacity conditions for the
Northeast pressure zone. As indicated in Section 6.1.3, no conclusions could be made on the pumping
capacity of 37" St BPS because SCADA historian data suggests the pump curves have shifted or are
influenced by the mechanical governor on Pump No. 1 and should be tested. The results of the pump
tests (new pump curves) should be evaluated in the model to determine hydraulic compatibility with
Webb Rd PS before determining the need for new pumps, sizing recommendations, and/or the ability of
the pump station to support different size pumps based on the year 2045 maximum day demand of 10.8
MGD. New pumps sized at varying flow rates may provide more operational flexibility, versus new
pumps each with the same capacity, to meet the range of demands experienced in the Northeast pressure
zone and support firm capacity conditions; head conditions for new pumps should be able to overcome
headloss in the pressure zone and reach the overflow elevation of the Northeast Tower.

The storage analysis for the Northeast pressure zone is evaluated alone because it has dedicated storage in
Webb Road reservoir and in the Northeast Tower (effective storage). Hess, East, and West Maple
pressure zones have shared storage at Hess reservoir and are evaluated together. Results of the storage
analysis indicate a surplus of 9.7 MG for the Hess, East, and West Maple pressure zones and a storage
surplus of 5.7 MG for the Northeast pressure zone; no additional storage is required in the distribution

system.

There are 17 capital improvements with hydraulic triggers required to support the year 2020 demand
projection and infill growth; 14 of these are smaller projects, each less than 200 ft in length, and are
attributed to undersized parallel water mains that exhibit velocity greater than 5 fps and headloss greater
than 6 ft per 1,000 ft. The headloss is manageable and does not impact distribution system hydraulics
greatly, but higher velocities can result in water main breaks during periods of accelerated flows through
the system such as fire flow. The larger projects include the following:

e 2020-Hess-H-16: approximately 1,000 feet of 48-inch pipe is required to convey flow into the

southern and eastern parts of Hess pressure zone, notably the suction side of Southeast BPS.
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This improvement ties into the end of the existing 48-inch transmission main at the intersection
of Lewis Street and Green Street and connects to CIP 2020-Hess-H-12 discussed below.

o 2020-Hess-H-12: approximately 2,900 feet of 30-inch pipe is required to convey flow
into the southern and eastern parts of Hess pressure zone, notably the suction side of
Southeast BPS. This improvement ties into CIP 2020-Hess-H-16, heads south down S
Erie Street, east for a short run on E Kellogg St, then south along Lorraine Street and ties
into the existing 30-inch water main on Morris Street.

o 2020-Hess-H-15: approximately 5,200 feet of 30-inch pipe is required to convey flow from Hess
pressure zone to the suction side of Southeast BPS and ties into the existing 24-inch at the
intersection of Lincoln Street and Woodlawn Street, heads south down Woodlawn then east
along Harry Street to the 36-inch suction pipe on Governeour Rd.

e 2020-East-H-2: approximately 3,500 feet of 30-inch pipe is required to convey more flow from
Southeast BPS down Harry Street. This water main ties into the existing 30-inch water main on
Harry Street near Harry Court and extends east down Harry Street and ties into the 20-inch and

16-inch water mains at the intersection of Harry Street and Webb Road.

City staff indicated potential large users often consider the industrial area near the intersection of S Tyler
Road and W 31 Street S for their needs; therefore, an additional model simulation determined the
available flow by increasing the recommended size of 12-inch to a 16-inch for CIPs 2020-Hess-H-18
(PIPE639) and 2020-Hess-H-19 (PIPE641) for comparison. Pressure at this location under maximum day
demand conditions is approximately 74 psi; assuming an allowable pressure drop of 5 psi, which is
tolerable for this area of the distribution system, the resulting flow, or demand, for each size is listed
below:

e 12-inch (as listed in the CIP) can deliver approximately 1,170 gpm.

e 16-inch can deliver approximately 1,260 gpm.

e Base on the results of this analysis, a 16-inch conveys 90 gpm more to this area, therefore, the

recommendation for a 12-inch is maintained in the CIP.

Capital improvement projects with fire triggers total approximately 4.1 miles in length and increase the
available fire flow range in adjacent areas between 800 gpm and 1,200 gpm and is adequate for the
residential neighborhoods in which they are located. The fire flow improvements listed below have
additional discussion points for the City to consider:

o 2020-Hess-F-11, 2020-Hess-F-13, and 2020-Hess-F-14: these 12-inch improvements total

approximately 2.0 miles and primarily serve to increase fire flow; looping is an added benefit
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around Explorer Elementary School, Apollo Elementary School, Eisenhower Middle School, and
Eisenhower High School. Fire hydrant testing should also be conducted during peak demand
conditions when all schools are in session. The fire flow requirements may exceed typical
residential needs of 1,000 gpm and should be determined by the fire marshal or the governing
authority. If the fire flow test results are adequate, then these improvements are not required until
future development occurs in these areas. If the fire hydrant testing is inadequate and the
proposed lines are needed to meet the fire flow requirement, then the City should consider
implementing automatic flushing devices on hydrants connected to this loop to maintain water
quality and decrease water age. The model results indicate very little to no flow in these

improvements under maximum day and peak hour demand conditions.

1.3.12 Year 2035 Planning Period
The water demand projections and corresponding demand conditions for the year 2035 planning period
are listed below and require approximately 1.2 miles of linear hydraulic related improvements and
pumping improvements at two BPS to support infill growth within the City’s existing water service area.
The hydraulic and fire flow related improvements recommended in the 2020 planning period are adequate
for the fire flow needs of the 2035 planning period; therefore, there are no fire flow related improvements.

e Maximum Day = 127 MGD

e Peak Hour =171 MGD

e Minimum Hour = 62 MGD

Pumping improvements required to meet the projected water demands include one pump at West Maple
BPS and one pump at Southeast BPS. The West Maple BPS pump should be sized to match the existing
pumps at 537 gpm at 111 feet of pump head. The additional flow required in this planning period is the
result of expanding the West Maple pressure zone to include the area bound by Kellogg Avenue, South
135" Street West, and West Maple Street. The West Maple pressure zone expansion into the periphery of

Hess pressure zone is relatively minor geographically, but it increases the pressure above 40 psi.

The Southeast BPS pump can be sized to deliver 24 MGD at 130 feet of pump head which will increase
the firm capacity of the BPS to 24 MGD as designed. The existing smaller pump(s) at Southeast BPS are
utilized under maximum day and peak hour demand conditions to supplement East pressure zone flow
from Webb Road PS. Other pumps sizes, with respect to flow and head, can be evaluated if it provides
more operational flexibility and increases BPS usage, but efforts to reincorporate this BPS with the

smaller pumps should be done first (before implementing the 24 MGD pump) to determine its ability
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and/or inabilities since the demand conditions it was designed for have changed extensively. All other
pump stations have adequate pumping capacity to deliver the peak hour and maximum day plus fire flow

demand conditions.

Results of the storage analysis indicate a storage surplus of 9.0 MG for the Hess, East, and West Maple
pressure zones and a storage surplus of 5.5 MG for the Northeast pressure zone; no additional storage is
required in the distribution system. Under minimum hour demand conditions and/or low flow periods at
night, lasting 4 to 5 hours, the distribution system and Hess HSPS is capable of filling Webb Road
reservoir, Woodlawn Tower, and Roosevelt Tower. Additionally, the distribution system and new pumps
at Webb Road PS serving the Northeast pressure zone have adequate capacity to fill the Northeast Tower

during low demand periods.

There are ten capital improvements with hydraulic triggers to support the year 2035 demand projection
and infill growth; nine of them these are smaller projects, each less than 200 ft in length and are attributed
to undersized parallel water mains that exhibit velocity greater than 5 fps and headloss greater than 6 ft
per 1,000 ft. The headloss is manageable and does not impact distribution system hydraulics greatly, but
higher velocities can result in water main breaks during periods of accelerated flows through the system
such as fire flow. The largest project is listed below:

o 2035-Hess-H-8: approximately 3,800 feet of 16-inch pipe is required to convey flows into the
southwestern parts of Hess pressure zone and west of Interstate 235. This improvement parallels
the existing 20-inch water main on West Maple Street from South Ralstin Road to Woodchuck
Street.

1.3.13 Year 2045 Planning Period
The existing distribution system and the capital improvements recommended in the 2020 and 2035
planning periods are adequate to support the water demand projections for the year 2045. The water
demand projections and corresponding demand conditions for the year 2045 planning period are listed
below and require approximately 77.6 miles of linear development driven improvements to support infill
growth and peripheral growth beyond the City’s existing water service area.

e Maximum Day = 128 MGD

e Peak Hour = 175 MGD

e Minimum Hour = 63 MGD
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The hydraulic and fire flow related improvements recommended in the 2020 and 2035 planning period
are adequate for the fire flow needs of the 2045 planning period; therefore, there are no fire flow related
improvements. Furthermore, the distribution system does not require any pumping or storage
improvements. Results of the storage analysis indicates a storage surplus of 8.8 MG for the Hess, East,
and West Maple pressure zones and a storage surplus of 5.5 MG for the Northeast pressure zone.

While the water service area does expand beyond the existing limits in year 2045, there is only marginal
increase in the water demand projections compared to the year 2035 of about 1 MGD for maximum day.
Water main projects totaling 12 miles to support future growth in Andover is included in the model, but
are not represented as capital improvements in the CIP. These projects are anticipated to be initiated by
the developer and funded by Special Assessments or Private Projects improvements as indicated by City
staff.

1.3.14 Facilities Evaluation: Northeast Tower

When the Northeast Tower is placed in service, the Northeast pressure zone will transition from a closed
system to an open system and require changes to the operational controls at Webb Road PS. The current
mode of operation at Webb Road PS utilizes the VFDs to maintain a constant discharge pressure and/or
pressure range at 34" Street and Webb Road under varying rates of flow and utilizes 37" Street BPS in a
supplementary role for flow support. When the Northeast Tower is placed in service, the Webb Rd PS
pumps should be run at constant speed or constant reduced speed and cycle on and off based on operator

pre-set levels in the Northeast Tower.

Establishing operational controls for Webb Road PS to interact with the Northeast Tower also must
consider tank turnover in addition to the fire protection and equalization storage needs of the pressure
zone as well. The recommended tank turnover to maintain water quality and prevent high water age
ranges from 25 percent to 33 percent of the total volume daily. Applying the low-end turnover
recommendation of 25 percent represents 10 ft within the 40 ft head range of the tower. Based on the
equalization demands, fire storage needs, and recommended turnover volume of the Northeast Tower, the
control points for Webb Road PS are listed below:

e Maintain a minimum water level of 25 ft in the tower for fire protection;

e Pump or pumps on at 26 ft (depending on how fast staff wants to/can fill the tower, two pumps

can by cycled on concurrently, this maybe a seasonal adjustment); and

e Pump or Pumps off at 36 ft.
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The pumps can also be operated in a lead-lag manner to mitigate excessive drafting rates, greater than
1,500 gpm) from the Northeast Tower or additional pumps can be cycled on at 37" Street BPS if adequate
information on the pump curves can be developed from pump testing. If the existing 37" Street BPS
pumps cannot support Northeast pressure zone hydraulics with the new pumps at Webb Road PS and the
Northeast Tower in service, then pump replacement should be considered. For clarity, these are

recommended starting points and should be adjusted for current demand conditions.

Other impacts in the distribution system stemming from the Northeast Tower may alter normal, or
current, operating levels in Webb reservoir. Webb reservoir serves multiple purposes and one of its more
important functions is a buffering mechanism that allows operators to bleed off pressure in Hess pressure
zone if they exceed 92 psi at Central and Main or bleed of excess flow if the Woodlawn or Roosevelt
towers are nearly full. Since the Northeast Tower will serve as the supply mechanism for equalization
demands and Webb reservoir will no longer need to, the operating range of the reservoir may need to be

lowered to continue serving as a buffering mechanism.

In conclusion, peaking demands are provided by the Northeast Tower; therefore, Webb reservoir storage
turnover will decrease and potentially limit its ability to receive water from Hess pressure zone; to combat
this, the operating range of Webb reservoir should be adjusted concurrently as the Northeast Tower is
placed in service. In which case, the storage evaluation for the Northeast pressure zone in Section 6.0
identifies what the reservoir levels can be lowered to (with consideration to the City’s desired emergency
storage volume at Webb reservoir). Based on the storage analysis presented (Table 11.3, see Section 11.0
for table), Webb reservoir needs to provide approximately 0.83 MG of storage for equalization for the
year 2020 maximum day demand of 9.8 MGD.

1.3.15 Facilities Evaluation: Southeast BPS Control

City staff and WTP operators reported difficulties operating the Southeast BPS. These are potentially
caused by recycling water back into Hess pressure zone as illustrated by the minimal increase in discharge
pressure when the BPS was in service. An open pressure zone boundary valve, or multiple valves that
should normally be closed to isolate the Hess and East pressure zones, or closed suction/discharge valves

are potential causes.

The Southeast BPS was designed to address low pressures south of Kellogg and Webb and in neighboring
areas west of this intersection in the Hess pressure zone, meet the projected and expansive growth in the

East pressure zone, and transfer of customers from the Hess pressure zone through a western expansion of
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the East pressure zone. Future growth that was expected to occur beyond the northern and southern limits
of the existing distribution system has been marginal. For perspective, the year 2020 planning period is
common in the 2003 Water Master Plan and this master plan; a comparison of the demand conditions for
the East pressure zone is listed in Table 1.2 below. Review of the demand projections show a 48 percent
reduction of the maximum day demand and a 62 percent reduction of the peak hour demand from in 2003
Water Master Plan projections for the year 2020.

Table 1.2 - East Pressure Zone Demand Projections

Water Master Plan Planning Period Maximum Day (MGD) Peak Hour (MGD)
2016 2020 19.3 24.5
2003 2020 36.8 63.5

In 2003 the average and maximum day demands in the East pressure zone were estimated at 6.1 MGD
and 11.5 MGD respectively. Demands in the East pressure zone have remained consistent and in 2015
the maximum day demand was less than that experienced in 2003; in 2015 the average and maximum day
demands are estimated at approximately 7.2 MGD and 11.3 MGD.

The Southeast BPS is integrated in the maximum day and peak hour demand conditions of the 2020,
2035, and 2045 planning periods of the model to determine its service potential since the future growth
plan and demand projections have changed significantly over the last 10 years. The model results
validate its service potential and integrating the Southeast BPS back into the City’s operations is
recommended. However, based on the demand projections, its use is likely limited to peak hour
conditions during high seasonal demand periods, and its service is expected to increase as water demands

increase in the East pressure zone.

1.3.16 Recommendations for Additional Studies
Recommendations for additional studies include the following:

e Replace centralized storage in Hess Reservoir system with elevated storage in the distribution
system to determine impacts on pressure zone delineation, distribution system hydraulics,
changes in system operation, and support emergency storage goals desired by the City.

e Evaluate system hydraulics with expansion of the East pressure zone to determine if additional
demand provides extended use of the Southeast BPS under demand conditions other than the
maximum day and peak hour on the maximum day and determine impact of corresponding
hydraulics and pressure control at Central and Main caused by Hess pressure zone contraction.

This study should also include impacts of different pump sizes if it increases pump station use.
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e Pump testing at 37" Street BPS to establish pump curves and summarize system conditions

requiring its use to better define its long-term future with the integration of the Northeast Tower

and new pumps at Webb Road PS serving the Northeast pressure zone. As indicated in Section

6.1.3, no conclusions can be drawn on the 37" Street BPS pumping capacity because SCADA

historian data suggests the pump curves have shifted or are being influenced by the mechanical

governor on Pump No. 1.

e Field testing and calibration of the Hess reservoir system hydraulic model, unless the option to

recycle water from reservoirs with low disinfectant residual and minimal turnover to the 3.0 MG

reservoir is selected.

1.4 Water Treatment

Multiple options are evaluated for water treatment planning and capital improvements and are based on

triggers for capacity, redundancy, and safety considerations. Three options are detailed below and

include the Base Option which addresses near-term and long-term capacity-driven improvements and

Option No’s. 1 and 2 which address redundancy-driven improvements:

e Base Option — the year 2018 and 2020 deadline reflects starting on these improvements due to the

high level of need:

O

Washwater Process Improvements: increases the washwater pumping capacity, additional
piping, and new 3.0 MGD gravity sludge thickener. The trigger for this improvement is
capacity and is recommended for completion by 2018.

Filter Improvements: includes filter media replacement, filter underdrain replacement,
backwash chlorination system, piping, valves, instrumentation, controls, and replacement
of 48-inch, 36-inch, and 20-inch butterfly valves. These improvements increase filter
capacity to 128 MGD with all filters in service. The trigger for this improvement is
capacity and is recommended for completion by 2018.

New Vacuum Priming System at Hess HSPS: includes skid-mounted vacuum priming
system, control, piping, and valves. The trigger for this improvement is replacement and
is recommended for completion by 2018.

Hess Reservoir Recirculation System: includes submersible pumps situated in the 9.7 MG
and 10.6 MG reservoirs and discharge piping to the 4.3 MG reservoir, demolition,
electrical, and miscellaneous structural improvements for top slab modifications. The
trigger for this improvement is water quality and is recommended for completion by
2018.
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o OSG for Disinfection: includes a storage building, hypochlorite generation equipment,
storage tanks, instrumentation, controls, electrical, piping, and site work for completion
by 2020.

e Option No. 1:

o NWTP: includes raw water storage, supply piping and headworks, clarification and
softening, 13.3 MGD of RO, stabilization, filtration, disinfection and other chemical feed,
finished water storage and pumping, residuals handling, RO concentrate disposals, and
dedicated transmission from the NWTP to Hess Reservoir system. The trigger for this
improvement is redundancy and is recommended for completion by 2035.

= If Option 1 is selected, it is in addition to the recommended capital improvements
in the Base Option.
e Option No. 2:

o Northwest WTP (NWTP); includes the same items listed for Option No. 1, except the
dedicated transmission is replaced with additional transmission in the distribution system.
The trigger for this improvement is redundancy and is recommended for completion by
2035.

= |f Option 2 is selected, it is in addition to the recommended capital improvements

in the Base Option.

14.1 Facilities Evaluation: East WTP

The East WTP Improvements project is currently on-going and will provide clarification/softening
facilities capable of treating up to 80 MGD of 100 percent groundwater or a blend of surface water and
groundwater. This will dramatically improve water treatment flexibility and mitigate the risk of a
temporary loss of Cheney water due to a transmission main issue or a severe drought. The existing
facilities are not capable of treating 100 percent groundwater and, therefore, require a blend of surface
and groundwater supplies for the treatment process. If the Cheney water supply is lost or out of service
under the current treatment capability of the WTP, the City has a finite amount of time, based on the
water demand, the number of filter cycles needed, and the volume of treated water stored in Hess

reservoir system and at Webb Road reservoir, to continue delivering water to customers.

For clarity, filtration capacity will not increase with the East WTP Improvements project, therefore, the
overall rated treatment capacity of the WTP will not increase. The rated capacity of the WTP will remain
at 160 MGD, and the filtration improvements recommended above still need to be performed to achieve
that capacity. Moving forward with the construction phase of the East WTP Improvements project is

recommended as it improves capacity, flexibility, and lowers risk under drought conditions with minimal
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or no surface water supply available. This project also provides more operational flexibility for decant
transfer to both the East and Central plants, address the hydraulic bottleneck upstream of the filters if
necessary, and more importantly, enable the City to treat 100 percent groundwater which enhances the
flexibility of the City’s treatment options of their raw water supply sources. Capital costs for these

improvements are provided in that project and are not included in this report.

1.4.2 New NWTP

The 2015 Water Resources Plan by the City includes the future potential to supplement the existing WTP
with an additional treatment facility located near the intersection of 21% and Zoo Boulevard,; this is
referred to as the Northwest Treatment Plant (NWTP). A new treatment facility at a location other than
the existing WTP provides redundancy and mitigates risk associated with loss of treatment/production,
but also carries with it an increased cost of operation to staff, operate, and maintain two WTPs and
operational complexities of operating two WTPs during low and moderate demand periods.

The Central Plant is aging and requires major rehabilitation or complete replacement likely in the next 20
years. It is assumed, and likely, that the extent of the Central Plant improvements will not allow
uninterrupted treatment service. Therefore, the NWTP is sized for 80 MGD to accommodate necessary
Central Plant improvements and provide the level of system-wide treatment redundancy desired by the
City in the year 2035. The NWTP trigger is not capacity driven, it’s trigger is based on treatment
redundancy. An added inherent benefit of the ability to treat and deliver water to the City’s customers
from multiple locations lessens the severity of any emergency and/or temporary condition that includes
loss of treatment. Implementing the NWTP prior to rehabilitation of the Central Plant places its
completion within the next 20 years, based on the age of the Central Plant and its condition as confirmed
by City staff.

1.4.3 Regulatory Review
The Wichita WTP is currently meeting all State and Federal drinking water regulations. A summary of
the compliance status for the comprehensive regulatory review is listed below:

e Primary and Secondary Drinking Water Regulations: based on the review of Wichita WTP lab
data, none of the compounds regulated in the have exceeded the maximum contaminant levels
(MCLs). Most 10Cs, VOCs, and SOCs measured are below the analytical detection limit and all
are below the MCL.

e Arsenic Rule: raw water arsenic concentrations from Cheney and EBWF raw water samples
between 2010 and 2015 were found to be below the maximum contaminant level of 10 pg/L. In

2014, Cheney and EBWEF respectively measured 3.67 and 2.71 pg/L and the distribution samples
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ranged between 1.47 and 1.57 pg/L. Data collected in 2015 showed slightly lower arsenic
concentrations.

o Lead and Copper Rule: according to the City of Wichita’s Consumer Confidence Reports and the
reports issued to KDHE, the distribution system testing conducted in 2010 and 2012 indicate
compliance with the provisions of the Lead and Copper Rule based upon the 90" percentile of
home tap samples. In 2010, 51 tap samples were collected and analyzed for lead and copper and
the 90" percentile for lead and copper was 0.007 and 0.086 mg/L, respectively. In 2012, 50
samples were collected and analyzed for lead and copper and the 90" percentile for lead and
copper was 0.008 and 0.096 mg/L, respectively.

o Radionuclides Rule: according to the City of Wichita’s Consumer Confidence Reports and data
collected between 2010 and 2014, each radionuclide was below detection and in compliance with
the Radionuclides Rule.

Radionuclide Wichita WTP

Combined Radium Below Detection
Total Beta Emitter Below Detection
Gross Alpha Below Detection
Uranium Below Detection

e Radon Rule: according to the City of Wichita’s Consumer Confidence Reports and data collected
between 2010 and 2014, radon was detected at low concentrations, well below the 300 pCi/L.
Therefore, the WTP is in compliance with the Radon Rule.

o Filter Backwash Recycling Rule: the WTP is in compliance.

e Surface Water Treatment Rule: the WTP is classified as a well-operated conventional WTP by
meeting turbidity requirements less than 0.5 NTU and is credited with 2.5-log Giardia and 2-log
of virus disinfection credit. Chlorine is added to meet 0.5-log Giardia and 2-log viruses. As a
result, the Wichita WTP is currently in compliance with this rule.

o Disinfection: the WTP is able to achieve the required CT credit for 0.5-log Giardia and 2-log
viruses with free chlorine using a chlorine contact basin. Monochloramine is formed after CT
credit to maintain a residual in the distribution system. As a result, the Wichita WTP is in
compliance with Federal and State disinfection regulations.

o Total Coliform Rule: microbial data collected between 2010 and 2014 were absent of E.coli.
Total coliforms ranged between 1.08 percent (October 2010) and 3.03 percent (August 2012) of
all samples collected. The monochloramine residual was higher than 2 mg/L for all distribution

sites. As a result, the WTP is currently in compliance with each requirement of this rule.
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o Interim Enhanced Surface Water Treatment Rule: average turbidity is less than 0.3 NTU in more
than 95 percent of the samples. The Wichita WTP is in Cryptosporidium Bin 1 category, so no
additional treatment credit is required. As a result, the Wichita WTP is currently in compliance
with this rule.

e Long Term 1 and 2 Enhanced Surface Water Treatment Rule: data collected from 2010 through
2015 (April 1) show that the Wichita WTP is in category Bin 1. As a result, the City does not
need to achieve any additional Cryptosporidium removal credits.

o If higher levels of Cryptosporidium are detected in the future, additional treatment will be
required. The City can choose from an array of options listed in the “microbial toolbox”.
The microbial toolbox provides systems with flexibility in selecting cost-effective
LT2ESWTR compliance strategies for Cryptosporidium. The draft Toolbox Guidance
Manual provides general information on the LT2ESWTR regulation and treatment
requirements (see Section 9.0 for additional toolbox information).

e Stage 1 Disinfectants/Disinfection Byproducts Rule: total Trihalomethane (TTHM) and
Haloacetic Acid (HAAS) data for 2010 through 2014 are well below regulatory limits. HAA5 and
TTHM values ranged between 7 and 15 pg/L and 15 and 28 pg/L in the distribution system,
respectively. The Wichita WTP is in full compliance with regards to disinfection byproducts.

o The distribution of DBP species was also evaluated. Of the HAA species, dichloroacetic
acid and dibromoacetic acid are typically the highest and represent 80 percent of HAAS.
Chloroform typically represents approximately 20 percent of the TTHM species, showing
that bromide is present and having an impact resulting in the formation of the three
brominated species. This data indicates that treatment is doing a good job with removing
DBP precursor material.

o Disinfection Byproduct Precursor Removal: raw water TOC data for the Wichita WTP
typically ranges between 3 and 8 mg/L. The raw water alkalinity is always greater than
120 mg/L; therefore, a 25 percent TOC reduction is required for most sampling periods,
based on raw water TOC and alkalinity. The TOC reduction at the Wichita WTP ranges
between 25 to 45 percent. As a result, the Wichita WTP is in compliance with regards to
TOC reduction.

e Unregulated Contaminant Monitoring Rule: the UCMR2 contaminants are summarized below in
Table 9.12. UCMR2 contaminant data was collected on June 22, 2009; October 21, 2009;
January 21, 2010; April 04, 2010; and June 26, 2010. Finished water was below the detection

limit for all samples collected.
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e Unregulated Contaminant Monitoring Rule (UCMR3): the data collected as part of UCMR3 show
that possible future regulatory requirements with regards to chromium, NDMA, PFAS, and VOCs

will have minimal impact on the WTP.

1.4.4 Recommendations for Additional Studies
Recommendations for additional studies include the following:
e Sludge thickener capacity;
e Sludge lagoon capacity and long-term planning recommendations;
o NWTP alternative treatment options and evaluation of processes to remove chlorides; and

o Evaluate the feasibility of converting to liquid ammonia at the MWTP.
1.5 Raw Water System

151 Hydraulic Analysis

The raw water model is used to evaluate pumping and transmission capacity and, based on the model
results, no EBWF improvements are required. Raw water transmission from the Cheney and EBWF
supplies have adequate capacity to convey approximately 160 MGD, but also require improvements to
remove air from the Cheney transmission line. The transmission mains added in ASR Phase Il allow the
EBWF to convey upwards of 146 MGD if the well pumping capacity were installed.

The pumping capacity from the EBWF based on the current pump curves and groundwater levels
indicates 80 MGD can be supplied; keeping in mind the model does not evaluate the operating condition
of the wells or aquifer capacity. A well rehabilitation program is recommended, but is not considered a
capital improvement, because well maintenance is essential to properly operate and sustain a reliable
groundwater supply system. Water right 42824 provides conjunctive use with a maximum diversion rate

of 80 MGD, therefore, additional water rights are not required.

The Cheney system has adequate pumping and transmission capacity if the air pockets are removed;
however, increasing the pressure in the southern 66-inch transmission main from 215 and Zoo Boulevard
to the WTP (Cheney supply) could cause additional main breaks under low flows or static conditions
from Cheney PS that result in operating pressures greater than 80 psi which is the design operating

pressure.

The proposed operational changes imparted by the East WTP Improvements project will increase the
pressure on this line at the WTP from 65 to 102 psi at 20 MGD from Cheney PS and up to 108 psi under
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static conditions (no pumps on at Cheney PS and Cheney surge tank nearly full). One option is a capital
improvement that will enhance the redundancy and reliability of the Cheney supply while replacing an
asset that is over 50 years old. These improvements include a 60-inch transmission main from Cheney PS
to 21% and Zoo Boulevard to parallel this 50-year old line and a 66-inch transmission main from the
EBWEF to the WTP to parallel the 60-year old line. The parallel raw water transmission mains serve the
following purposes:
e Transmission redundancy for both water supply sources;
e Removes risk of increasing pressure in the existing southern 66-inch transmission main that
could potentially cause water main breaks;
o Allows the isolation valve separating the Cheney supply from the EBWF supply at the WTP to
remain normally closed; this eliminates blending potential upstream of the WTP sleeve valves
and supports the primary objective of the East WTP Improvements project which calls for 100

percent groundwater treatment up to 80 MGD if surface water from Cheney is unavailable; and

A condition assessment of all raw water transmission mains is recommended before planning and
engineering of the redundant/parallel transmission improvements to determine the following:
e Anticipated remaining useful life of each transmission main;
o Defect detection, leaks, air pockets, pipe material changes, damaged pipes, pipe stress, offset
joints, cracks, corrosion, etc.; and
o Develop triggers, advantages, and disadvantages to determine if reinvestment in the existing
transmission main, or sections thereof, is recommended or if new parallel transmission is
recommended based on end goals, remaining useful life, and anticipated operating conditions.
o Determine whether or not it is better to replace the southern 66-inch transmission main (Cheney

supply) and install a new transmission main from Cheney PS to the WTP.

An alternative to a redundant 66-inch transmission main from 21 and Zoo Boulevard to the WTP
(Cheney supply) is providing pressure control on the 60-inch Cheney transmission main as previously
recommended. A pressure control valve or structure upstream of the 215 and Zoo location will maintain
water level in the Cheney surge tank and shear pressure below the design operating pressure (80 psi) of
the southern 66-inch transmission main under low flows; this would alleviate the concern of increased
pressures under low flow conditions from Cheney PS in conjunction with the operational changes
imparted by the East WTP Improvements project. Under static conditions, with no flow from Cheney PS,
the pressure control structure should include adequate isolation (valves) that maintain a positive water

level in Cheney surge tank; isolation valves, coupled with vacuum breaker and air release, also removes
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the static pressure head from Cheney surge tank on the southern 66-inch transmission main. If the
pressure control structure and isolation valves are positioned near 21 and Zoo Boulevard, then under

static conditions with isolation in effect, the pressure at the WTP is approximately 10 psi to 15 psi.

The pressure control building can be implemented, thereby delaying the 66-inch redundant transmission
main improvement from 21% and Zoo Boulevard to the WTP (Cheney supply); but since this transmission
main also provides redundancy for the EBWF supply, the pressure control building is still required if the
Cheney supply is conveyed through the existing southern 66-inch transmission main. Therefore, cost
opinions for the pressure control building and the redundant 66-inch transmission main from 21% and Zoo
Boulevard to the WTP are both included in the capital improvements plan. Since the East WTP
Improvements project is currently under design and would be operational before implementing a
redundant 66-inch transmission main from 21% and Zoo Boulevard to the WTP, the pressure control

building has a higher priority with a hydraulic trigger functioning to maintain pressure less than 80 psi.

In the short term, capital improvements for the Cheney system have a higher priority until the East WTP
Improvements are complete because the EBWF production capacity far exceeds the current groundwater-
only treatment capability of the WTP; so enhancing the reliability of the Cheney system takes priority.
After the East WTP Improvements are complete, the EBWF transmission mains are a higher priority than
the Cheney 60-inch redundant transmission main, as this water supply source is more reliable under
drought conditions. The EBWF is not only a more reliable supply, but is also more a robust supply
source as it is comprised of over 60 individual wells as opposed to a single lake, intake and pump station
like the Cheney system. Improvements can be re-prioritized if any item of infrastructure reaches a point

where its condition degrades and continued use is an operational concern.

A summary of the prioritization and triggers for raw water transmission improvements is listed below:
e Top priority:

o Pressure control valve or structure — implement before the East WTP Improvements
project requires shifting the raw water blending location from upstream of the sleeve
valves to downstream of the sleeve valves. The trigger for this improvement is to
support Cheney system hydraulics and maintain operating pressure below 80 psi in the
southern 66-inch transmission main.

o Note, this is designated a top, or higher priority, over replacing the southern 66-inch
transmission main from 21 and Zoo Boulevard to the WTP transmission main based on

cost and construction time.
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e Low priority — further prioritization requires a condition assessment:
o New 66-inch transmission from EBWF to 215 and Zoo Boulevard.
= Note, existing transmission remains in service.
o New 66-inch transmission from 21% & Zoo Boulevard to the WTP.
= The City should also consider replacing the existing transmission main to
maintain full transmission redundancy for the EBWF and Cheney supplies; for
clarity, this option requires two new transmission mains.
= For the purposes of this master plan, only one new transmission main will be
included in the CIP.
o New 60-inch transmission from Cheney PS to 21% and Zoo Boulevard.
= A 66-inch diameter can be considered if the hydraulic impact on the Cheney PS
pumps and surge tank levels provides better operational value to the City and its
operators.
= Note, the existing transmission can remain offline and used when needed, for
example under emergency conditions (main break) or for operational flexibility.
This would provide transmission redundancy for the Cheney supply between the
PS and 21** and Zoo Boulevard.

1.5.2 EBWEF Supply Planning and Facility Needs

Water supply planning recommendations for the EBWF production and recharge goals align with the
City’s water supply plan with drought conditions and demand projections established in the Water
Resources Plan. They also align with the 2014 recommendations included in the Enhanced ASR report
(by Burns and McDonnell). The Water Resources Plan is based on an average day demand projection of
84 MGD by 2060 (or 72 MGD based on a 1 percent drought and with 35 percent conservation in effect);
an average day demand of 84 MGD corresponds to a maximum day demand of approximately 160 MGD
if extrapolated beyond the 2045 planning period. The capital improvements recommended to support a
160 MGD demand are discussed below.

1521 Recharge Recovery Wells

Testing conducted by City staff in October 2016 indicated a maximum EBWF production capacity of 55
MGD. In a subsequent test, the maximum capacity of the EBWF 66-inch transmission main pipeline was
estimated at approximately 79 MGD. An estimated 20 RRWs with a minimum production capacity of 20
MGD and goal of 30 MGD are needed to achieve an overall EBWF capacity of 70 MGD. This assumes

City of Wichita, Kansas 1-26 Burns & McDonnell



2016 Water Master Plan Executive Summary

each well can produce 1,000 gpm. These wells would also provide additional locations to recharge the
aquifer and spread recharge across the entire EBWF.

1.5.2.2 Bank Storage Wells

Based on the information and evaluation included in the Enhanced ASR Report, bank storage wells have
the capability to provide approximately 3,700 MG/year of recharge water to the EBWF. Land availability
at the time of the Enhanced ASR report assumed nine bank storage wells can provide up to an additional
15 MGD when flow in the Little Arkansas River is above baseflow. However, based on the ASR
regulations, flow is not always available, as bank storage diversion is only permitted from the Little
Arkansas River during above baseflow periods. Furthermore, the potential for elevated river levels above

baseflow diminish during drought conditions.

Bank storage wells provide an added benefit when operated in conjunction with side stream storage (or an
above base-flow holding reservoir). Side stream storage can be filled from the intake or bank storage
wells and hold additional water during an above baseflow event to expand the volume of water for
recharge. The ability to use bank storage wells to fill side stream storage at streamflow less than 65 cfs
further extends recharge duration and increases the volume of water recharged. The existing ASR intake
facility has physical withdrawal restrictions below 65 cfs; bank storage wells can capture additional

diversions during above baseflow events.

1.5.2.3 Recharge Basins

Recharge basins provide operational flexibility during recharge events and provide a mechanism to
recharge large volumes of water at a single site. They also provide additional locations to recharge water
during start-up of the ASR Surface WTP before initiating recharge through RRWSs. Detailed hydraulic
and hydrogeological studies are required to evaluate each potential recharge basin site as not all sites are
suitable for a recharge basin. For the purposes of this report, it is recommended that one recharge basin
be installed for every 15 MGD of aquifer recharge wells. Based on the proposed 20 RRWs with a
capacity of 20 to 30 MGD, two recharge basins are included in the CIP.

1.6 Conservation Efforts

In 1991 the City adopted its first Water Management and Conservation Plan and has been the driving
force for water conservation. A number of water conservation measures have been implemented in some
form by the City and include the following:

e Annual conservation goal of 0.35 percent.
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o Water measurement and accounting: metering all source water and treated water components for
normal consumption activity. The City has undergone a distribution system-wide meter
replacement program with automatic meter reading technology; accurate customer billing is
pivotal in lowering apparent losses, as defined by AWWA M36, and represents revenue that can
be recovered and valued at the customer retail unit rate;

e Water pricing structure: an inclining block rate structure was implemented in 1993 for customers
within City limits and additional charges on top of the rate structure for those outside City limits.
Additionally, a flat water rate is available for large seasonal customers willing to reduce their
consumption by 20 percent or 4 acre-feet, whichever is larger, and are assessed monetary fees if
water usage is above the contracted amount;

e Rebate program from 2013 to 2016 for high efficient appliances including cloth washers,
dishwashers, dual flush converter kits, irrigation smart controllers, low flow urinals, rain sensor
shutoff, rain barrels, and toilets;

e Public education and awareness: the City’s website offers guidance and information to save water
on the customer end such as lawn watering recommendations, irrigation measures that conserve
water, lawn care information, pool care, and links to a variety of other resources in this topic area.
The website also informs customers on the City’s internal conservation plans and supply
management, most notably the Aquifer Storage and Recovery Project and efforts related to
protecting Cheney Reservoir. The City conducted over 60 programs in 2016 at the WATER
Center including presentations on water conservation;

o WATER Center staff prepares water system characterization reports, reviews
conservation plans, reviews retail volume applications and annual usage for compliance
for retail volume contracts, and oversees the annual rebate program to name a few;

e The City has held a designated water efficiency coordinator position since 1990.

e Ongoing small mains replacement, particularly 2-inch galvanized pipe;

o Adopted a Drought/Water Shortage Contingency Plan that includes implementing voluntary and
mandatory water efficiency measures;

e Wastewater reuse for the City’s largest water user is anticipating a reduction in potable water
consumption of 40 percent in 2017 and 70 percent in 2018 and beyond,;

e Conjunctive use for the City’s raw water supply sources; and

o Wholesale customer contracts include provisions to implement water efficiency plans that are, at

a minimum, as comprehensive as the City’s.

City of Wichita, Kansas 1-28 Burns & McDonnell



2016 Water Master Plan Executive Summary

The City is also recommitting to the Kansas Water Office (KWO) guidelines, which is also supported by
the Bureau of Reclamation and the Environmental Protection Agency, in areas of education efficiency
practices, management efficiency practices, and regulatory efficiency practices.

The American Water Works Associations (AWWA) published a technical manual, M52 — Water
Conservation Programs, detailing recommendations for conservation principles and practices in the
municipal water industry. The City’s conservation efforts are very comprehensive and include, in some
form or fashion, those recommended by AWWA.. Of note, the KWO guidelines discussed above are
referenced in the AWWA M52 as exemplary practices for water conservation. A summary of the
AWWA recommendations is listed below, and again, the City has or is currently performing all of these
efforts in some form:

o Efficient utilization of supply sources;

e Integrated resource planning;

e Leak detection;

e  Asset rehabilitation and replacement;

e Consumption monitoring with meter usage;

e Customer pricing — tiered block rate structure;

e Public awareness and education; and

e Reuse water/wastewater.

The City has a solid water conservation program in place; however, there are several strategies that can be
implemented over the next five years to evolve and enhance their current practices. Water conservation
efforts recommended for the City, with the objective to reduce the average day demand and peak hour
demands, includes the following in order of execution:
e Distribution system pressure management: evaluate and determine sub-pressure zone delineation
potential to lower system pressure;
e  AWWA M36 water audit: complete an annual water audit for the entire distribution system, for
each pressure zone, and for each sub-pressure zone (if developed). This effort can be completed
concurrently with distribution system pressure management tactics;

o Develop a leak detection program and response tactics for sub-pressure zone delineations.
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1.7 Emergency Preparedness

1.7.1 Raw Water System

With the implementation of the Standby Power Generation project for the EBWF, the emergency power
status of the EBWF is better than it has ever been based on recent historical WTP production needs;
furthermore, there is no groundwater contribution requirement for the treatment process. The City can
elect to purchase more portable generators as part of the project if a higher level of protection, with
respect to groundwater production under loss of power conditions, is desired for drought and dry weather

conditions.

Implementing more permanent generator locations is not recommended because the production advantage
on an individual well basis is outweighed by added maintenance and escalating age of an asset that may
only be required only a few times per year. Furthermore, well production can degrade over time if well
and pump maintenance is not upheld; therefore, additional backup power in the EBWF is better served by
portable generators that would enable the City to mobilize at well locations with higher production rates.
With respect to the Cheney system, as water use approaches the projected maximum day demand of 160
MGD, backup power to support a firm capacity of 80 MGD at Cheney pump station is recommended,
however, this demand is currently projected to occur in 2060, which is beyond the 2045 planning period

in this master plan.

1.7.2  Water Treatment
There are two primary sources of backup power available to the WTP if both utility services above
become unavailable and are briefly described below:

¢ No. 1: The switchgear gear lineups that provide the circuits to the WTP are currently backed-up
by the Hess HSPS emergency generators. In the event of a utility outage on both Westar feeds,
the generators will automatically provide power to Hess HSPS and the WTP.

o No. 2: Athird feed from Westar is available if the primary two feeds and the emergency
generators become unavailable. In order for the third feed to be used, the WTP must be manually
isolated from the switchgear in the Hess HSPS generator building by opening the fused switches
mentioned above, and then manually closing the emergency feed switches, thereby restoring
power to the WTP.

The power supply arrangement and connection of the distribution equipment described above is based on
review of several record drawings provided by the City and discussions with WTP staff. There does not
appear to be a single document in the City’s records that accurately depicts the current arrangement of the

power distribution at Hess HSPS, the emergency generator facility, and the WTP combined. Therefore, a
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study is recommended that establishes an accurate one-line diagram showing the arrangement and
capacity of the transformers, generators, and distribution buses to better understand how the various
power sources operate together in terms of primary and emergency power capability.

1.7.3  Water Distribution System

A current City project, titled Standby Power Generation (by others) and scheduled for construction in
April 2017, includes backup power to support new pumps that replace BDP-2 (new at 3,000 gpm) and
BDP-3 (new pump at 4,800 gpm) and support D1/M1 (3,475 gpm) for a total of 16.2 MGD and exceeds
the peak hour plus fire flow demand for the Northeast pressure zone. The proposed pumping capacity
with backup power also exceeds the year 2045 peak hour demand projection and fire flow requirement of
16.1 MGD. Therefore, backup power is not required at 37" Street BPS if the Northeast Tower is placed
back in service and the control scheme for Webb Road PS changes as indicated previously in Section
11.5. However, if the Northeast Tower remains out of service, there may be interstitial demand
conditions that require 37" Street BPS; therefore, emergency power at 37" Street BPS is recommended if
the Northeast Tower remains out of service.

The standby power generation project discussed above also supports the Webb Road PS pumps serving
the East pressure zone. The pumping capacity with backup power as indicated in construction drawings,
is 37.0 MGD, and exceeds the peak hour plus fire flow requirement. The projected 2045 peak hour plus
fire flow requirement is approximately 38.5 MGD; therefore, a recommendation to install additional
backup power at the Southeast BPS could be made, but given the volatility of growth in the East pressure
zone since 2003, additional backup power at the Southeast BPS should be delayed until development
occurs and water demands escalate. The Southeast BPS is equipped with a manual transfer switch to

dock a temporary or mobile emergency power generator.

If West Maple BPS loses power, then, under current maximum day and peak hour demands, the model
indicates adequate flow and pressure (greater than 25 psi) can be provided while repairs are made. Since
fire flow is provided by Hess pressure zone, a fire flow condition with a loss of power at West Maple BPS
is not a basis fire adding backup power; the existing West Maple BPS is not sized to deliver fire

flow. The addition of backup power should be revisited as development occurs and water demands

increase above the projections indicated for this area.

The Hess HSPS pumping capacity with backup power is approximately 97.2 MGD from 3 pumps and can
deliver the 2015 peak hour demand (81.0 MGD) plus fire flow requirement (10.8 MGD (7,000 gpm))

which totals 91.8 MGD for Hess pressure zone only (this does not include the East pressure zone). This
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emergency condition represents loss of power at Hess HSPS with no interruption to the treatment process
treating and supplying the reservoir system. This review summarizes the effective pumping capacity for
Hess pressure zone and provides the City a quantitative method to size capital improvements for
additional backup power to cover other operational goals for emergency service as determined by the
City. Some examples of potential operational goals are listed below:

e Providing backup power for the Hess pressure zone projected 2045 peak hour plus fire flow
demand of 122 MGD for four (4) pumps at Hess HSPS with a combined pumping capacity
estimated at 122.4 MGD (at 264 ft of pump head).

o The caveat with this operational goal (example only) is the treatment capacity of the
WTP. The emergency conditions assume the WTP can treat and supply the Hess
Reservoir system at a rate equal to what can be pumped out by Hess HSPS. The rated
treatment capacity of the Main WTP is 160 MGD, but the operational capacity is less and
potentially limited by hydraulic bottlenecks, backwashing capability, and/or filter
loading; therefore, if the operational treatment capacity is less than Hess HSPS pumping
capacity, then the recommendation to increase backup power has a diminishing return
until the operational treatment capacity is increased above 122.4 MGD.

o Note, since the East pressure zone has no storage and is supplied by the Hess pressure
zone, sizing backup power to support 122 MGD will be shared with East pressure zone
demands.

e Providing some portion or all of the East pressure zone demand conditions. For example,
assuming the 2015 peak hour in the Hess (81.0 MGD) and East (24.4 MGD) pressure zones
occurs simultaneously, plus the fire flow requirement of Hess pressure zone at 10.8 MGD,
requires backup power to support a total of 116.1 MGD.

o Note, fire protection for customers with high requirements up to 7,000 gpm, or a portion thereof,
can be the responsibility of the customer; therefore, the City should develop a comprehensive list
of customers with high fire flow requirements and respective protection responsibilities. This
could affect future capital improvement recommendations for backup power. For clarity, even if
the full fire flow requirement, in terms of pumping, is not required, the equivalent fire protection
volume in Hess reservoir system should be maintained.

e Also of note, the primary power and backup power study discussed and recommended in Section
1.7.2 should be completed before capital improvements for additional backup power at Hess
HSPS are evaluated further. Additionally, it is reasonable for the City to reduce recreational
water use and implement water use restrictions for the customer population in an emergency

situation that temporarily terminates primary power from Westar at Hess HSPS.
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1.8 Capital Improvements Plan
Cost opinions are provided for capital improvements in today’s dollars for the raw water, water treatment,
and distribution systems. There are three capital improvement plan options and include the Base Option,
Option No. 1, and Option No. 2. The Base Option does not include a new WTP and Option Nos. 1 and 2
include the new NWTP, but with different treated water delivery mechanisms. The opinions of probable
cost for each option is grouped as follows and summarized in Tables 1.3, 1.4, and 1.5:
e Base Option = $387 million
e Base Option plus Option No. 1 = $618 million
o Option No. 1 has dedicated treated water transmission from the NWTP to Hess
Reservoir system for distribution.
o If RO is not required for the NWTP, then $17.3 million can be deducted from the cost
above.
e Base Option plus Option No. 2 = $599 million
o Option No. 2 has direct service to Hess pressure zone from the NWTP and associated
transmission improvements to support this in the distribution system.
o If RO is not required for the NWTP, then $17.3 million can be deducted from the cost
above.

These order-of-magnitude cost opinions prepared by Burns & McDonnell relating to costs, quantities,
demand or pricing (including, but not limited to, property costs, construction, operations or maintenance
costs, and/or energy or commodity demand and pricing), are opinions based on Burns & McDonnell's
experience, qualifications, judgment, and information from vendors and published sources such as Means.
Burns & McDonnell has no control over weather, cost and availability of labor, material and equipment,
labor productivity, construction contractor’s means and methods, unavoidable delays, construction
contractor’s method of pricing, demand or usage, population demographics, market conditions, changes in
technology, government regulations and laws, and other economic or political factors affecting such
opinions. The City of Wichita acknowledges that actual results may vary significantly from the
representations and opinions herein, and nothing herein shall be construed as a guarantee or warranty of
conclusions, results, or cost opinions. Burns & McDonnell makes no guarantee or warranty (actual or
implied) that actual rates, demand, pricing, costs, performance, schedules, quantities, technology, and
related items will not vary from the opinions contained in the estimates, projections, results, or other
statements or opinions prepared by Burns & McDonnell. The construction cost index for Kansas City,
August 2016, is 11371.00.
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Table 1.3
Cost Opinion Summary: Base Option

System 2017 2018 2020 2025 2030 2035 2045 System Subtotal
Distribution]  $123,000 - $8,600,000 - - $1,560,000 $30,040,000 $40,300,000
Treatment -- $12,150,000 $15,810,000 -- -- -- -- $28,000,000
Raw Water" -- $3,200,000 -- $163,290,000 $151,790,000 -- -- $318,300,000
Planning Period Subtotal $123,000 $15,350,000 $24,410,000 $163,290,000 $151,790,000 $1,560,000 $30,040,000 --
Total (all systems & all planning periods) $386,600,000

Notes:
1. Trigger year for raw linear improvements portion of the capital cost summary is contingent upon a condition assessment; years 2025 and 2030 are placeholders.

Table 1.4
Cost Opinion Summary: Base Option with Option No. 1
System 2017 2018 2020 2025 2030 2035 2045 System Subtotal
Distribution]  $123,000 - $8,600,000 - - $1,560,000 $30,040,000 $40,300,000
Treatment’ - $12,150,000 $15,810,000 - - $231,200,000 - $259,200,000
Raw Water’ - $3,200,000 - $163,290,000 | $151,790,000 - - $318,300,000
Planning Period Subtotal $123,000 $15,350,000 $24,410,000 $163,290,000 | $151,790,000 | $232,760,000 $30,040,000 --
Total (all systems & all planning periods) $617,800,000

Notes:
1. If RO is not required for the NWTP, then $17.3 million can be deducted from the cost above.
2. Trigger year for raw linear improvements portion of the capital cost summary is contingent upon a condition assessment; years 2025 and 2030 are placeholders.

Table 1.5
Cost Opinion Summary: Base Option with Option No. 2
System 2017 2018 2020 2025 2030 2035 2045 System Subtotal
Distribution $123,000 -- $8,600,000 -- - $27,230,000 $30,040,000 $66,000,000
Treatment’ - $12,150,000 $15,810,000 - - $186,370,000 - $214,300,000
Raw Water’ - $3,200,000 - $163,290,000 | $151,790,000 - - $318,300,000
Planning Period Subtotal $123,000 $15,350,000 $24,410,000 $163,290,000 | $151,790,000 | $213,600,000 $30,040,000 --
Total (all systems & all planning periods) $598,600,000

Notes:
1. If RO is not required for the NWTP, then $17.3 million can be deducted from the cost above.
2. Trigger year for raw linear improvements portion of the capital cost summary is contingent upon a condition assessment; years 2025 and 2030 are placeholders.
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1.8.1  Economic Evaluations
Economic evaluations include a present worth analysis to compare the present value of Option No. 1 and
Option No. 2 and determining the operation and maintenance (O&M) cost to produce water for each
option. These options include a new NWTP with the following variations:
e Option No. 1 includes dedicated finished water transmission from a new NWTP to the finished
water reservoir system at the existing WTP for high service pumping to the distribution system.
e Option No. 2 includes finished water with direct service to the distribution system from a new
NWTP.

The present worth analysis for Option No. 1 is shown in Table 1.6 in results in a present value of
$197,286,000. The present worth analysis for Option No. 2 is shown in Table 1.7 results in a present
value of $183,899,000. By the 2045 planning period the O&M cost of water for Option No. 1 and Option
No. 2 is $1.74/1,000 gallons and $1.70/1,000 gallons respectively.

1.8.2 Non-economic Evaluations
Non-economic considerations for redundancy driven improvements associated with the raw water system
and water treatment facilities are listed below:
e Raw Water Transmission: To Be Decided (TBD) (year)-EBWF 66” Transmission-R-1,
TBD(year)-Cheney 60” & 66” Transmission-R-2
o Advantages:
= The existing transmission main could be removed from service for maintenance
or repair without impacting surface water availability.
= Water supply will be unavailable if a main break occurs until repairs can be
made.
= Redundant transmission can mitigate difficulties in procuring pipe sections,
fittings, and valves of this size.
= Issues with mobilization delays due to the limited number of qualified
contractors to perform emergency work is diminished with redundant
transmission.
= Year-EBWF 66” Transmission-R-1: provides redundant transmission capacity
from the EBWF to 21 & Zoo Boulevard. Timing of installation should be
based on a condition assessments to be completed as a future project.
=  Year-60” & 66” Cheney Transmission-R-2: when the East WTP Improvements

project is complete and raw water is blended downstream of the sleeve valves at
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Table 1.6
New Northwest WTP Present Worth Analysis - Option No. 1

.. 1 . . 2
Capital Cost — Operation a“r;ld M:lnten;nce Costs rotal present | present Value Average Day | O&M Cost of
Year Treatment Transmission NWTP Transfer 6 ; err'1 ram.a Other 9 3 . Demand* Water
. s| ROEnergy’ | Chemical’ | Cartridge Filter 3 Wages Total O&M Value Cummulation
2035-NWTP-R-1 | 2035-FWT-R-2 |Pumping Energy Replacement (MGD) ($/1,000 gal)
Replacement
2016 -- -- -- -- -- - -- -- - -- -
2017 -- -- - - -- -- -- -- -- -- --
2018 -- -- -- -- -- - -- -- - -- -
2019 -- -- - - -- -- -- -- -- -- --
2020 -- -- -- -- -- - -- -- - -- -
2021 -- -- - - -- -- -- -- -- -- --
2022 -- -- -- -- -- - -- -- - -- -
2023 -- -- - - -- -- -- -- -- -- --
2024 -- -- -- -- -- - -- -- - -- -
2025 -- -- - - -- -- -- -- -- -- --
2026 -- -- -- -- -- - -- -- - -- -
2027 -- -- - - -- -- -- -- -- -- --
2028 -- -- -- -- -- - -- -- - -- -
2029 -- -- - - -- -- -- -- -- -- --
2030 -- -- -- -- -- - -- -- - -- -
2031 -- -- - - -- -- -- -- -- -- --
2032 -- -- -- -- -- - -- -- - -- -
2033 -- -- - - -- -- -- -- -- -- --
2034 -- -- -- -- -- - -- -- - -- -
2035 $358,297,000 $86,174,000 $208,000 $4,307,000 | $2,467,000 S0 S0 $4,876,000 | $11,858,000 $150,823,000 | $150,823,000 35.15 $0.92
2036 $217,000 $4,479,000 | $2,556,000 $1,990,000 $2,278,000 $5,022,000 | $16,542,000] $5,158,000 | $155,981,000 35.19 $1.29
2037 $226,000 $4,658,000 | $2,648,000 $2,059,000 $2,358,000 $5,173,000 | $17,122,000| $5,037,000 | $161,018,000 35.23 $1.33
2038 $235,000 $4,845,000 | $2,744,000 $2,132,000 $2,441,000 $5,328,000 | $17,725,000] $4,919,000 | $165,937,000 35.27 $1.38
2039 $245,000 $5,038,000 | $2,843,000 $2,206,000 $2,526,000 $5,488,000 | $18,346,000| $4,803,000 | $170,740,000 35.31 $1.42
2040 $255,000 $5,240,000 | $2,946,000 $2,283,000 $2,614,000 $5,652,000 | $18,990,000| $4,690,000 | $175,430,000 35.35 $1.47
2041 $266,000 $5,449,000 | $3,053,000 $2,363,000 $2,706,000 $5,822,000 | $19,659,000]| $4,581,000 | $180,011,000 35.39 $1.52
2042 $277,000 $5,667,000 | $3,163,000 $2,446,000 $2,801,000 $5,997,000 | $20,351,000| $4,473,000 | $184,484,000 35.43 $1.57
2043 $288,000 $5,894,000 | $3,278,000 $2,532,000 $2,899,000 $6,177,000 | $21,068,000| $4,369,000 | $188,853,000 35.47 $1.63
2044 $300,000 $6,130,000 | $3,396,000 $2,620,000 $3,000,000 $6,362,000 | $21,808,000| $4,266,000 | $193,119,000 35.51 $1.68
2045 $312,000 $6,375,000 | $3,519,000 $2,712,000 $3,105,000 $6,553,000 | $22,576,000| $4,167,000 | $197,286,000 35.55 $1.74
Totals $358,297,000 $86,174,000 -- -- -- -- -- -- -- $197,286,000 -- -- --
Notes:

. Capital cost inflated at 3.5 percent.

. Energy inflated at 4.0 percent; chemical and equipment replacement inflated at 3.5 percent; plant personnel wages inflated at 3.0 percent

. Present value with fixed interest at 6.0 percent

. Average day demand is half of the demand projection; assumes 50 percent of the average day demand is treated by the NWTP and 50% is treated by the existing WTP.

. Energy costs for water transfer from NWTP to Hess reservoir system for distribution system pumping; this does not represent Hess HSPS energy costs.

. RO energy for 13.3 MGD of RO treatment.

. Chemical is based on the highest 4-year chemical costs for the existing WTP which occurred in 2015 at $0.10/1,000 gallons.

. Other replacement is estimated at 2 percent of the non-membrane and non-filtration capital cost without markups.

. Wages are based on inflated 2015 expenditures for existing water treatment and pumping personnel less the wages for a superintendent, lab director, maintenance supervisor, and clerk

O 00 NOOULLES WN
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Table 1.7

New Northwest WTP Present Worth Analysis - Option No. 2

Capital Cost’ Operation and Maintenance Costs” Average Day | O&M Cost of
Year Treatment Distribution Pumping Energy . , Menjbran'e & Other , Total Prejent Present Va'lue pemand® Water
i c RO Energy® | Chemical’ | Cartridge Filter s Wages Total O&M Value Cummulation MGD ($/1,000 gal)
2035-NWTP-R-1 | 2035-Hess-Option 2-H-1 Savings Replacement Replacement ( ) ,000 g
2016 - - - - - - - - - - -
2017 - - - - - - - - - - -
2018 - - - - - - - - - - -
2019 - - - - - - - - - - -
2020 - - - - - - - - - - -
2021 - - - - - - - - - - -
2022 - - - - - - - - - - -
2023 - - - - - - - - - - -
2024 - - - - - - - - - - -
2025 - - - - - - - - - - -
2026 - - - - - - - - - - -
2027 - - - - - - - - - - -
2028 - - - - - - - - - - -
2029 - - - - - - - - - - -
2030 - - - - - - - - - - -
2031 - - - - - - - - - - -
2032 - - - - - - - - - - -
2033 - - - - - - - - - - -
2034 - - - - - - - - - - -
2035 $358,297,000 $49,351,000 -$157,000 $4,307,000 | $2,467,000 S0 S0 $4,876,000 | $11,493,000| $138,532,000 | $138,532,000 35.15 $0.90
2036 -$163,000 $4,479,000 | $2,556,000 $1,990,000 $2,278,000 $5,022,000 | $16,162,000| $5,039,000 $143,571,000 35.19 $1.26
2037 -$170,000 $4,658,000 | $2,648,000 $2,059,000 $2,358,000 $5,173,000 | $16,726,000| $4,920,000 $148,491,000 35.23 $1.30
2038 -$177,000 $4,845,000 | $2,744,000 $2,132,000 $2,441,000 $5,328,000 | $17,313,000| $4,804,000 $153,295,000 35.27 $1.34
2039 -$184,000 $5,038,000 | $2,843,000 $2,206,000 $2,526,000 $5,488,000 | $17,917,000| $4,691,000 $157,986,000 35.31 $1.39
2040 -$192,000 $5,240,000 | $2,946,000 $2,283,000 $2,614,000 $5,652,000 | $18,543,000| $4,580,000 $162,566,000 35.35 $1.44
2041 -$200,000 $5,449,000 | $3,053,000 $2,363,000 $2,706,000 $5,822,000 | $19,193,000| $4,472,000 $167,038,000 35.39 $1.49
2042 -$208,000 $5,667,000 | $3,163,000 $2,446,000 $2,801,000 $5,997,000 | $19,866,000| $4,367,000 $171,405,000 35.43 $1.54
2043 -$216,000 $5,894,000 | $3,278,000 $2,532,000 $2,899,000 $6,177,000 | $20,564,000| $4,264,000 $175,669,000 35.47 $1.59
2044 -$225,000 $6,130,000 | $3,396,000 $2,620,000 $3,000,000 $6,362,000 | $21,283,000| $4,164,000 $179,833,000 35.51 $1.64
2045 -$235,000 $6,375,000 | $3,519,000 $2,712,000 $3,105,000 $6,553,000 | $22,029,000| $4,066,000 $183,899,000 35.55 $1.70
Totals $358,297,000 $49,351,000 - - - - - - - $183,899,000 - - -
Notes:

W 00 NO LA WN
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. Capital cost inflated at 3.5 percent.
. Energy inflated at 4.0 percent; chemical and equipment replacement inflated at 3.5 percent; plant personnel wages inflated at 3.0 percent.
. Present value with fixed interest at 6.0 percent
. Average day demand is half of the demand projection; assumes 50 percent of the average day demand is treated by the NWTP and 50% is treated by the existing WTP.

. Pumping the total average day demand from two locations (new NWTP and existing WTP) requires less pressure than pumping the total demand from one location (i.e. Option No. 1).
. RO energy for 13.3 MGD of RO treatment.
. Chemical is based on the highest 4-year chemical costs for the existing WTP which occurred in 2015 at $0.10/1,000 gallons
. Other replacement is estimated at 2 percent of the non-membrane and non-filtration capital cost without markups
. Wages are based on inflated 2015 expenditures for existing water treatment and pumping personnel less the wages for a superintendent, lab director, maintenance supervisor, and clerk

Burns and McDonnell



2016 Water Master Plan Executive Summary

the WTP then, under static conditions, the maximum pressure at the WTP on
the existing Cheney line can reach 108 psi — which exceeds the design operating
pressure of 80 psi. This improvement will remove operational concerns
associated with pressure.
o Disadvantages:
= Land acquisition and easements.
= Constructability in high traffic and densely populated residential and
commercial areas.
= Increasing asset inventory requires additional maintenance, i.e. air release
valves, in-line valves, cathodic protection if required, etc.
e Raw Water Facilities
o Bank Storage Wells (2020-Bank Storage Wells-RC-1)
= Advantages:
e Capture above base flow river conditions (below 65 cfs) that the ASR
intake facility cannot.
e Provides a diversion mechanism for side stream storage.
e Provide peaking assistance with respect to raw water supply needs.
= Disadvantages:
e Production cannot be relied on when flows are at or below baseflow in
the river.
e Above base flow events are less likely to occur during drought periods.
o RRWs (2022-Recharge Recovery Wells-RC-2)
= Advantages:
¢ Increase production capacity from EBWF.
e Increase recharge capacity into EBWF.
e Provide more opportunity to evenly distribute recharge throughout the
well field to prevent mounding.
e More production options available, on an individual well basis, when
existing wells are temporarily out of service for maintenance.
o Needed to meet the long-term water supply needs if maximum day
demands approach 160 MGD (estimated in 2060 in the City’s Water
Resources Plan), assuming the capacity of Cheney PS and transmission
main is restored to 80 MGD.

= Disadvantages:
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e Increasing asset inventory requires additional maintenance.
o Recharge Basins (2022-Recharge Basins-RC-3)
= Advantages:
e Provide operational flexibility during recharge events and for aquifer
recharge.
= Disadvantages:
e Increasing asset inventory requires additional maintenance.
o Water Treatment
o On-site Sodium Hypochlorite Generation (2020-On-Site Sodium Hypochlorite
Generation-Trigger-1)
= Advantages:
o Safety of the disinfection application is increased.
o Disinfectant storage for liquid is safer than gas for the amount required.
e Removes risk associated with chlorine storage (gas) leak.
e Reduces hazardous chemical storage requirements.
= Disadvantages:
e None.
o New 80-MGD NWTP (Option No.’s 1 and 2)
= Advantages:
e Provides total treatment redundancy of 160 MGD.
e Continue delivering up to 80 MGD with loss of the existing treatment
process upstream of the chlorine contact basin.
= Disadvantages:
e Increasing the system treatment capacity with a new NWTP will
increase maintenance needs and operational complexity.
¢ RO concentrate disposal permitting associated with deep injection wells
if selected as the disposal mechanism.
o Option No. 1 (dedicated transmission to Hess Reservoir system)
= Advantages:
o Single delivery point for distribution system is maintained.
¢ No operational changes with respect to high service pumping.
¢ No changes with respect to distribution system monitoring, analysis, or

regulatory requirements.
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= Disadvantages:

e Transmission constructability in residential areas with dense population.

o Does not provide high service pumping redundancy for the distribution
system.

e Transmission break would effectively take the NWTP offline until
corrected.

e Can increase water age and reduce chlorine residual before entering the
distribution system; may require additional disinfectant application in
Hess reservoir system.

o Option No. 2 (direct pumping/service to distribution system from NWTP)
= Advantages:

e Improve operational flexibility for water delivery to the distribution
system.

e High service pumping from two locations is anticipated to lower the
average operating pressure in Hess pressure zone.

e Increase the total and effective storage capacity for the distribution
system and/or remove some portion of the storage in Hess Reservoir
system in a manner that improves water age and turnover in reservoirs
that have historically low chlorine residuals.

e Continue providing water to customers during emergency situations if
Hess HSPS is out of service.

e Potential to retire a portion of the existing pumps at Hess HSPS.

e Improve managing the control pressure of 92 psi at Central and Main.

= Disadvantages:

o Complexity of distribution system operation increases; but, will also
improve operational flexibility.

e Additional regulatory sampling requirements in the distribution system.
1.8.3 Financial Analysis

1.8.4  Approach and Initial Findings
The primary goal of this financial assessment is to evaluate rate stability and debt service coverage
implications with the proposed capital improvement plans to achieve the following objectives:

o Evaluate current usage levels and prepare revenue forecast.
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e Project capital flow of funds.
e Project operating revenue requirements.

e Review and finalize operating cash flow.

Our analytic approach includes the development of cash flow models that test the ability of revenues
under existing rates to meet future operating and capital requirements of the system. For the master plan,
this includes a forecast period beginning fiscal year (FY) 2016 through FY 2045. The sufficiency of
revenues under existing rates was evaluated for three scenarios, including the base case, and two options
(Option 1 and Option 2) that include the design and construction of a new water treatment plant. Table 1.8

summarizes findings regarding revenue sufficiency.

Table 1.8 - Revenue Sufficiency Findings

2017 - 2045
Cumulative %
Scenario Increase Total CIP Total Debt Funded  Total Cash Funded
Base Case 6.12% 5517,963,500 $205,500,000 5312,463,500
Option 1 64.49% $898,348,800 $639,000,000 $259,848,800
Option 2 61.19% S867,342,900 $613,000,000 $254,342,900

The cumulative increase shown in the second column of Table 1.8 signals that revenue under existing
rates is not sufficient to adequately fund future revenue requirements. In all three scenarios, revenue
increases are indicated to be necessary. For the Base Case, a total revenue increase through 2045 amounts
to about 6 percent. Option 1 and Option 2 are indicated to need higher levels of total revenue increases
through 2045, amounting to about 64 percent for Option 1 and 61 percent for Option 2.

The most significant funding requirement is the implementation of the capital improvements identified in
the master plan scenarios. These improvements, inflated from current dollars used in the master plan
scenarios, total about $518 million for the Base Case, and nearly $899 million for Option 1 and $867
million for Option 2. A substantial portion of the capital improvement program for each scenario is
anticipated to be funded from debt issuance. Additional operating cost has been added for the new

Northwest Water Treatment Plant beginning in 2035 in Option 1 and Option 2.
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Table 1.8 indicates cumulative revenue increases to range from about 6 percent to about 65 percent,
depending on scenario. The annual revenue adjustments are illustrated in Figure 1.1 below. Depending on
the scenario, annual increase range from a low of O percent to a high of 9 percent.

Figure 1.1 - Annual Revenue Increases by Scenario

Annual Revenue Increases
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Base Case Option 1 Option 2

No increase is indicated to be necessary under any scenario until FY 2030. The reason this is possible is
that demand is projected to return to a level higher than experienced in the last four years due to
prevailing climate conditions. For instance, FY 2016 water rate revenues amounted to approximately $75
million, while FY 2017 water rate revenues are forecasted to be nearly $90 million, an increase that is
primarily driven by an assumed return to more normal demand. This increase provides additional cash

that can be used to fund capital projects and inflationary increases in operation and maintenance expenses.

1.8.5 Key Assumptions
Cash flow projections involve reliance upon assumptions regarding future conditions. Key assumptions
used in this analysis include the following:
¢ Demand forecast/water production forecast. Forecasted demand is consistent with demand
anticipated in the master planning projections. Average day demand is expected to increase from
50.8 MGD in FY 2016 to 66.9 MGD in FY 2020, with further increases to 70.3 MGD in FY 2035
and then to 71.1 MGD in FY 2045. Demand is estimated to increase linearly between all
milestone projections.
e Operation and maintenance expenses. Budgeted operation and maintenance expense (O&M) is

reflected for fiscal years 2017 and 2018. General inflation of 3.4 percent per year is assumed for
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O&M in subsequent years. Additionally, Options 1 and 2 have incremental O&M expenses
beginning in FY 2035 related to the operation of the new water treatment plant.

o Capital Improvement Plan. Capital improvements forecasted through the study period reflect
the master planning projects cited within this report, which are based in current year dollars.
Capital improvements are inflated at 3.0 percent annually.

o Debt issuance terms. Debt issuance is anticipated to be necessary for all scenarios. All debt is
assumed to be in the form of water revenue bonds with a 20-year term. Average interest rates are
assumed to be 5.0 percent for debt issued in 2017, increasing to 5.5 percent by 2019 and
remaining at that level throughout the remainder of the study period. Debt issuance costs are
assumed to be 2 percent of gross bond proceeds.

¢ Fund Balances and Targets. The beginning Operating Balance was provided by the City as of
the end of FY 2015. The minimum target for the operating fund is at least 60 days of O&M,
which is achieved in all scenarios. Monies in excess of the minimum target are made available to
fund capital projects. Capital fund balances are set to be at least 25 percent of the following year’s
capital improvement plan.

e Debt Service Coverage Targets. The utility measures debt service coverage on revenue bonds,
and all debt. For cash flow planning purposes, the minimum annual debt service coverage ratio is
1.20x on all debt including general obligation bonds. As a practical matter, most scenarios
achieve minimum forecasted debt service coverage of 1.50x on all debt. During the course of the
study period, the existing debt service fully amortizes. By the end of the study period, only the

proposed revenue bonds are anticipated to be outstanding.

1.8.6  Capital Improvement Funding

In the Base Case, Figure 1.1 indicates no revenue increases are anticipated until FY 2043 which is
primarily a function of increased demand and revenue throughout the forecast period. Figure 1.2 below
summarizes the Base Case capital improvement plan. Total improvements per year are represented by the
blue line. The inflated Capital Improvement Plan (CIP) peaks at approximately $74 million in 2028,
falling to $0 by 2031.
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Figure 1.2 - Base Case Capital Improvement Plan

Base Case CIP
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Debt issuance is represented by the orange bars in Figure 1.2. The amount of cash used to finance the CIP
is represented by the distance between the bars and the CIP line. Figure 1.2 indicates that through FY
2028, much of the CIP can be financed with cash coming from existing balances and future cash flows.
More substantial debt issuance is anticipated during FY 2028 through 2030. Remaining CIP projects
forecasted in FY 2042 through FY 2045 are projected to be completely cash funded.

Figure 1.3 summarizes the CIP and funding plan for Option 1. Similar to the Base Case, initial CIP is
anticipated to be funded with both cash and debt. The Option 1 CIP peaks in FY 2033 to FY 2035 due to
the construction of the new water treatment plant. The inflated CIP totals approximately $369 million
during this three year period, and much of that requirement is expected to be debt financed. In FY 2036,
the Option 1 CIP drops to $0 until FY 2042 when additional growth related projects are anticipated.
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Figure 1.3 - Option 1 Capital Improvement Plan
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Figure 1.4 summarizes the CIP and funding plan for Option 2. Similar to the Base Case, initial CIP is
anticipated to be funded with both cash and debt. As with Option 1, the capital plan peaks in FY 2033 to
FY 2035 due to the construction of the new water treatment plant. In Option 2, the inflated CIP is slightly
lower than Option 1 at approximately $339 million during this three year period. As in the previous
scenario, the Option 2 CIP drops to $0 in FY 2036 until FY 2042 when additional growth related projects

are identified.

Figure 1.4 - Option 2 Capital Improvement Plan
Option 2 CIP
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1.8.7 Important Caveats
It is important to recognize some caveats regarding the financial analysis performed for the master plan
scenarios.

1. Capital improvement plans are limited to only the projects identified in the master plan. To the

extent other projects or initiatives are underway or planned, especially within the next 5-10 years,
such projects are not included unless they are reflected in the master plans. This approach
provides a basis for comparing master plan scenarios, but the indicated revenue increases do not
provide funding for projects or initiatives outside the proposed master plan capital improvements.
It is assumed that any existing water capital balance available at the beginning of FY 2016 is
committed to other water utility projects and is not available for use in this master plan
assessment. In doing so, all master plan projects are assumed to be funded from either future cash
flow or issuance of debt.

Water utility rate revenues have ranged from approximately $63 million to $75 million per year
from 2013 to 2016, a period of time with unusually higher than typical precipitation. During this
time, average day water production has been about 51 mgd. The FY 2017 water utility budget
anticipates water rate revenues of approximately $90 million, with the expectation that water
demand is more consistent with average climate conditions and historic usage levels. Should
water demand fail to achieve forecasted levels, the need for additional revenue increases beyond
those indicated for each scenario are anticipated.

Figure 1.5 shows the recent history and projections of water average demand through FY 2045. Annual
forecasts are shown in Figure 14.5 for FY 2017 through FY 2020. Beyond FY 2020, Figure 1.5 shows

Gh
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five year intervals. Annual cash flow modeling assumes linear increases in demand from year to year to

achieve the indicated milestones.

The increase in demand shown from FY 2016 to FY 2017 is the anticipated result of a return to generally
normal climate conditions and demand levels. FY 2018 through FY 2020 includes continued normal

climate conditions and additional growth as developed in the master plan.

The increased demand correlates to increased revenue. Figure 1.6 shows the historical and projected
revenue over the same time intervals as Figure 1.5. Rate revenue is anticipated to increase from about $75
million in FY 2016 to about $90 million in FY 2017, consistent with utility budgets. This increase

provides substantial cash flow which is used to fund capital projects.

Figure 1.6 - Water Rate Revenues

Revenue Under Existing Rates
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In our analysis of financial impacts associated with capital plans, the assumption that demand returns to a
more “normal” level in 2017 and is sustained through the study period is a material assumption. Absent
the cash flow created by the assumed increase in demand, revenue increases required to fund the proposed

capital plans would be substantially higher.

* Kk Kk k%
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2.0 INTRODUCTION

21 PURPOSE

The purpose of the water master plan (WMP) is to update existing hydraulic models of the raw water and
potable water distribution systems and use them to evaluate current and anticipated future conditions to
determine required capital improvements. The raw water model includes Cheney Pump Station, Equus
Beds Well Field (EBWF), Bentley Wells, local wells, and associated transmission and yard piping. The
water distribution system model includes retail and wholesale customer demands, Hess High Service
Pump Station (HSPS), Webb Road Pump Station (PS), 37" Street Booster Pump Station (BPS), Southeast
BPS, and Maple BPS, Woodlawn and Roosevelt elevated tanks, and the distribution system network. A
stand-alone model for the Hess reservoir system is developed to evaluate water age and potential

operating schemes, from a volume requirement basis, for seasonal water demands.

Water distribution system improvements are prioritized and classified as hydraulic, development (future
growth), and fire flow. As improvements are scheduled for engineering and construction, final design-

level modeling should be conducted to confirm proposed operating conditions and to confirm the actual
operating conditions in the distribution system are consistent with the operating conditions evaluated in

this report and the hydraulic model.

22 SCOPE
Major tasks in the scope include a water demand projections review and update, raw water and
distribution system field testing for model calibration, model development, hydraulic analysis of current
and future water demand scenarios for capital improvements planning, and final report of the project
findings. A comprehensive description for each task in the scope is listed below:
o Water Supply and Demand Evaluation
o Review existing information pertinent to water demand including the 2005 Water Master
Plan, 2013 Water Demand Assessment, and the 2015 Water Resources Plan.
= Compare current water usage and population with existing information from the
sources above and adjust water demand projections as necessary. Review current
large users and summarize historical metered water usage.
= Review existing water supplies and their anticipated remaining useful life as part
of the CITY’s water portfolio.

e Water System Master Planning for Future Planning Periods (future growth)
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o Review the 2013 Water Demand Assessment and Metropolitan Area Planning
Department (MAPD) growth areas with CITY and determine the area, service
implementation year, rate of development, and customer classification.

o Project customers and water demands in new future growth areas and fill-in growth
within existing areas for each planning period; summarize demand projections for growth
areas by customer class.

o Planning periods for water system master planning and hydraulic modeling include the
current year and future years 2020, 2035, and 2045.

o Evaluate demand conditions for each planning period to determine the adequacy of
existing water system and determine necessary improvements for distribution piping,
transmission, pumping, storage, fire flow, pressure zone adequacy, and future growth
piping to support the demand projections. Review existing system results and proposed
improvements with CITY.

o Additional Modeling Tasks:

= Review the current pressure zone delineation and determine what, if any,
improvements are necessary to support future land use planning.

= Operation of the Northeast Pressure Zone and Northeast Tower.

= Southeast Booster Pump Station controls.

o Water Facilities Evaluation:
o Water Supply Facilities:

= Review the existing water supply capacities and planned additions are adequate
to meet the water demand projections through the year 2045.

= |f necessary, determine limiting factor(s) associated with a water supply deficit
and potential solutions for each planning period.

o Water Treatment Facilities:

= Review the existing water treatment capacity and the need for any future
treatment facilities to meet the water demand projections through the year 2045.

= If necessary, determine the limiting factor(s) associated with a water treatment
capacity deficit and potential solutions for each planning period.

o Water Distribution Facilities:

= Review existing capacities of water distribution system pumping and storage
facilities and the need for any future pump(s) or pumping facilities to meet the

water demand projections through the year 2045.
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= If necessary, determine the limiting factor(s) associated with a pumping deficit
and potential solutions for each planning period.
e Regulatory Review
o ldentify and summarize the applicable regulatory requirements from Kansas Department
of Health and Environment (KDHE) and the Environmental Protection Agency (EPA).
o Summarize possible changes to regulatory requirements and the impact to existing
treatment facilities and potential future expansions.
o Establish finished water quality goals and evaluate potential improvements to water
treatment facilities and operations required to maintain regulatory compliance.
o Develop regulatory evaluation in report.
o Water Distribution Model of Existing System
o Review and update existing model:
= Model software review and selection.
= Update the previous model with the CITY’s current water system GIS.
= Incorporate calibration data from previous model into the new model.
= Develop a stand-alone model for Hess reservoirs and piping system. Evaluate
water age and mixing system alternatives and/or operational strategies to lower
water age.
= Incorporate all pipes greater than or equal to 8-inches in diameter and other pipes
relevant for distribution system connectivity.
o Demand Allocation
= Create a linkage between CITY water meter GIS features and an export of CITY
CIS information based on a unique meter or customer ID that is found in both the
GIS water meter and CIS data. Use water usage data from the CITY CIS to
determine the annual average customer water usage and use the water meter
locations to distribute the demand across the distribution system.

e Training documentation on the demand allocation process that includes
the process of updating the CITY CIS data and distributing the revised
demands across the distribution system.

= Create a linkage between CITY water meter GIS features and an export of CITY
CIS information based on a unique meter or customer ID that is found in both the
GIS water meter and CIS data. Use water usage data from the CITY CIS to
determine the annual average wholesale water usage and use the water meter

locations to distribute the demand across the distribution system.
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= Determine nonrevenue water and incorporate into the water demand projections
and the demand allocation.
= Summarize annual average, winter average, and maximum month water usage by
pressure zone and customer class.
o Diurnal Analysis
= Summarize historical peak hour factors, minimum hour factors, and equalization
storage factors for the maximum day demand by pressure zone.
o Extended Period Simulation (EPS) Development
= Collect data needed to develop EPS capability in the model.
= EPS functionality for water age analysis of the existing distribution system under
average day and maximum day demand conditions. EPS functionality for
hydraulic analysis of the existing distribution system under the maximum day
demand condition.
o Existing System Model Calibration Verification
= Calibration verification, via static analysis in the model, utilizing data collected
from field testing.
e Interview CITY staff tasked with operating system facilities to
incorporate control schemes for EPS calibration verification.
= Field testing for calibration verification.
= Prepare static and extended period model simulations with the demand allocation
for calibration verification.
o Conduct up to two days of model training.
¢ Raw Water System Model
o Review and update existing model to include up to three production scenarios.
= Update raw water system features and summarize general operational production
strategies and settings.
= Compare the hydraulic analysis results of the new model with the existing model.
o Peak and diurnal demand factors: not applicable to the raw water model.
o Model Calibration Verification
= Calibration verification, via static analysis in the model, utilizing data collected
from field testing.
= Interview CITY staff tasked with operating raw water system facilities for
calibration verification.

o Field testing for calibration verification.
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o Evaluate field testing data for calibration verification.
e Conservation Efforts

o Provide recommendations for conservation strategies and/or projects that reduce the
average day demand and peak hour demand.

o Evaluate options and determine feasibility and benefits of leak detection for the
distribution system. If an option is feasible, provide a recommendation for
implementation of one option.

e Emergency Preparedness

o Evaluate and provide recommendations for facilities requiring emergency preparedness

to include backup power supply, redundant piping, treatment, and water supplies.
e Water Distribution System Capital Improvements Plan (CIP) Review and Development

o Review existing water distribution system related projects, not currently under design or
construction, which are scheduled for implementation between 2017 and 2025. Based on
the results of the hydraulic model, develop capital improvements for the water
distribution system for the year 2020, 2035, and 2045 planning periods and classify as
hydraulic, development driven, or fire flow related.

o Assess rate stability and debt service coverage implications with the CIP to include the
following:

= Evaluate current usage levels and prepare revenue forecast.
= Project capital flow of funds.

= Project operating revenue requirements.

= Review and finalize operating cash flow.

o Non-economic evaluations for non-linear capital improvements associated with failure,
regulatory factors, and/or general practices risk.

o Opinions of probable construction cost and prioritization for all CIP projects;
prioritization will be classified as hydraulic, development driven, or fire flow related
improvements. The proposed implementation year and/or demand trigger based on the
demand projections for hydraulic related CIP projects will be determined; hydraulic
related improvements have the highest priority.

e Mapping for capital improvements map including existing water distribution system projects and
the capital improvements recommended in this Water Master Plan. Fire flow and pressure
contour mapping will be developed for the existing system and planning periods where

applicable.

* Kk Kk Kk *x
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3.0 WATER DEMANDS

This section of the report characterizes the City’s water service area, evaluates the historical retail and
wholesale water usage, summarizes historical water demands, summarizes the range of the City-approved
water demand projections from the 2013 Water Demand Assessment (WDA, by others), and develops the
water demand projection applied to the master planning and hydraulic modeling efforts for this

project/report.

3.1  Water Service

The Wichita water service area is represented by the City’s retail and wholesale customer classifications.
In 2015, the retail service area included approximately 145,000 customer accounts (or meters with unique
premise numbers in the customer billing system). Retail customers reside within the City limits and
represent over 91 percent of the total water sales for the water service area. Wholesale water sales is
represented by ten customer accounts that receive potable water from a single location, or master meter,
and one customer, the City of Bentley, which receives non-potable water from the Equus Beds Well Field
(EBWF). The potable water wholesale customers represented approximately 9 percent of the total water
sales in 2015. For clarity, the City does not own or operate the water distribution network downstream of
the wholesale customer master meter connection points and, therefore, there is no reference to a
“wholesale service area” because water service from the City stops at a master meter. Additionally, all
references to wholesale customers are in regard to the wholesale potable water users from this point

forward in the report.

3.2 Retail Water Usage

Retail water sales include both residential and commercial customer classes and collectively represented
an average sales of approximately 92 percent of the total sales volume from 2006 to 2015. Water sales
for a City Use-type classification is sequestered, as the sales volume between 2006 and 2015 only ranged
between 0.1 and 0.2 percent of the total retail sales; therefore, City Use is included in the commercial

customer class which is also consistent with its billing classification.

Historical data representing residential and commercial meter counts, average day sales, and metered
water usage (represented in gallons per meter-day (gpmd)) is listed in Table 3.1. The average commercial
metered usage (1,600 gpmd) from 2006 to 2011 is approximately 8 times greater than the average
residential metered usage (203 gpmd). During the same period, the residential and commercial average
day sales are approximately 56 percent and 44 percent, respectively, of the retail water sales. The

commercial customer class has a large impact on water demands in the distribution system which is
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Table 3.1
Historical Retail Water Usage

Year Meter Count™? Average Day Sales™? (MGD) Metered Usage (gpmd)
Residential Commercial Total Residential Commercial Total Residential Commercial Combined
1991 - - 118,447 - - 61.2 - - 517
1992 - - 116,498 - - 55.5 - - 477
1993 - - 127,964 - - 57.1 - - 447
1994 -- - 116,499 - -- 57.0 -- - 489
1995 - - 179,594 - - 53.3 - - 297
1996 -- -- 126,163 -- -- 54.5 -- -- 432
1997 - - 128,341 - - 52.4 - - 409
1998 -- - 130,257 - - 61.0 -- - 469
1999 - - 132,260 - - 55.0 - - 416
2000 -- -- 132,260 -- -- 60.8 -- -- 460
2001 - - 132,228 - - 61.3 - - 464
2002 -- - 135,552 - - 57.5 -- - 424
2003 - - 133,487 - - 55.4 - - 415
2004 -- -- 133,791 -- -- 54.9 -- -- 410
2005 -- -- 137,234 -- -- 59.9 -- -- 436
2006 121,942 12,182 134,124 29.4 22.8 52.2 241 1,868 389
2007 123,608 12,347 135,955 26.4 214 47.7 213 1,729 351
2008 125,064 12,510 137,574 24.7 20.5 45.2 198 1,638 329
2009 126,002 12,638 138,640 25.0 19.4 44.4 198 1,535 320
2010 126,874 12,733 139,607 26.8 20.8 47.6 211 1,630 341
2011 127,279 12,844 140,123 28.4 21.3 49.8 223 1,660 355
2012 128,144 12,973 141,117 27.6 21.0 48.6 216 1,620 345
2013 128,934 13,078 142,012 22.5 18.6 41.1 174 1,423 289
2014 130,127 13,242 143,369 23.7 19.5 43.2 182 1,473 301
2015 131,550 13,435 144,985 22.2 19.2 41.4 169 1,428 286
Notes:

1. Data from 1991 to 2005 collected from the City's Annual Water Use Reports.
2. Data from 2006 to 2015 collected from the City's customer billing system; meter count is determined as the unique premise number tied to each customer
account in the customer billing system.
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evidenced by accounting for nearly half of the total average day sales from only about 9 percent of the
total meters in the distribution system.

There is a steady, but escalating, trend in meter counts on an annual basis since 2006 and is illustrated in
Figure 3.1. The average increase in residential meters from 2006 to 2015 and from 2011 to 2015 is the
same at approximately 1,068 meters per year. The average increase in commercial meters from 2006 to
2015 and from 2011 to 2015 is approximately 139 and 148 meters per year. In conclusion, residential
customer additions have been consistently increasing over the last 10 years and commercial meter

additions have slightly accelerated over the last 5 years.

The average day sales and metered water usage has been declining since 2006 and is illustrated in Figure
3.2. An escalating meter count coupled with declining average day sales and metered water usage can be
representative of successful water conservation strategies, water efficient fixtures, public education, and

water rate structures.

3.3 Wholesale Customers

The City’s wholesale customers include Rural Water District (RWD) No.’s 1, 3, 5, and 8 (RWD No.’s 5
and 8 are evaluated as a single wholesale customer) and the cities of Bel Aire, Park City, Kechi, Benton,
Rose Hill, Valley Center, and Derby. Water is delivered to each wholesale customer from the City’s
distribution system to a master meter which and, for the purposes of this report, is considered the end of
the line with respect to the City’s responsibility for providing contracted quantities of water at adequate
pressure, where applicable, and in compliance with Safe Drinking Water Act (SDWA\) as stated in each
contract. For clarity, there are no wholesale customer contracts with specific conditional pressure
requirements other than generalizing it as adequate pressure. A general summary of the contract terms for

water supply of each wholesale customer is listed in Table 3.2.

The historical average day sales for each wholesale customer is listed in Table 3.3. Since 2006, the
average day sales for Derby represent approximately 54 percent of the total wholesale customer sales on
an annual basis. Review of the table indicates that average day sales have been relatively stable since
2006 across all wholesale customers. The minimum, average, and peak sales from 2006 to 2015 are 3.6
MGD, 4.1 MGD, and 4.8 MGD, respectively, for all wholesale customers combined. Additionally,
excluding years 2011 and 2012, which are representative of dry years, the net change in average day sales

is approximately 121 gpm.
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Table 3.2

Wholesale Customer Contract Conditions®

Average Daily Contract Amount (gpm) Contract Conditions
. . 2
Customer 2015 b;:zlgnnmg P:;':: 2045 Supply Type \7:;: SmZnFMuzl) Pressure Start Year End Year Type
RWD No. 1 71 81 Note 3 Note 3 Annual Volume 37.4 Adequate 2010 2030 Take or Pay 50%
RWD No. 3 342 371 Note 3 Note 3 Annual Volume 179.7 Not Applicable 1996 2016 Take or Pay 50%
RWD No.'s5 &8 73 84 Note 3 Note 3 Annual Volume 38.3 Not Applicable 1996 2016 Take or Pay 50%
Bel Aire 546 603 Note 3 Note 3 Annual Volume 287.0 Adequate 2008 2028 Take or Pay 50%
Park City 1,185 1,402 Note 3 Note 3 Annual Volume 623.1 Not Applicable 1985 2025 Pay as you go
Kechi 124 133 Note 3 Note 3 Annual Volume 65.0 Not Applicable 1997 2024 Take or Pay 50%
Benton 63 Note 3 Note 3 Note 3 Annual Volume 33.0 Not Applicable 1975 2015 Pay as you go
Rose Hill 628 723 Note 3 Note 3 Annual Volume 330.0 Adequate 1982 2022 Pay as you go
Valley Center 594 Note 3 Note 3 Note 3 Annual Volume 312.2 Not Applicable 1997 2016 Take or Pay 50%
Derby 1,735 1,870 Note 3 Note 3 Annual Volume 912.0 Adequate 2001 2022 Take or Pay 100%

Notes:

1. The contract conditions listed in this table are intended to be a general summary of the conditions relative to this Water Master Plan and are not all inclusive.
2. Planning periods listed represent the years evaluated in this Water Master Plan.

3. Contract expires before the planning period indicated in the column.
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Table 3.3

Historical Wholesale Customer Sales

Year Average Day Sales™” (gpm) Total Total
RWD No. 1 RWDNo.3 | RWDNo.5&8 Bel Aire Park City Kechi Benton Rose Hill Valley Center Derby (gpm) (MGD)
1991 51 99 0 343 124 40 42 194 0 0 893 1.3
1992 1 106 0 267 104 41 40 179 0 0 738 1.1
1993 60 20 0 289 73 41 40 184 0 0 707 1.0
1994 52 1 57 365 82 49 43 217 0 0 866 1.2
1995 53 0 60 340 79 50 45 205 0 0 832 1.2
1996 57 1 55 374 77 58 49 219 0 0 889 1.3
1997 51 0 0 0 0 0 48 215 0 0 315 0.5
1998 0 0 0 0 0 0 0 0 0 0 0 0.0
1999 53 3 62 0 0 0 49 213 0 0 380 0.5
2000 64 1 62 507 72 77 58 247 366 0 1,453 2.1
2001 39 14 62 514 87 90 49 225 507 0 1,588 2.3
2002 66 5 67 490 97 97 52 233 421 0 1,527 2.2
2003 18 1 90 300 45 96 54 228 421 0 1,254 1.8
2004 16 0 55 272 79 87 48 205 384 0 1,147 1.7
2005 21 5 58 255 88 98 53 221 432 1,412 2,645 3.8
2006 59 1 66 245 72 102 0 228 440 1,475 2,689 3.9
2007 56 2 60 221 101 96 0 216 396 1,400 2,550 3.7
2008 48 16 58 273 87 82 0 210 377 1,333 2,483 3.6
2009 50 0 56 192 100 101 0 201 384 1,420 2,504 3.6
2010 61 10 60 234 102 112 0 218 424 1,558 2,779 4.0
2011 64 249 72 199 161 114 13 197 401 1,840 3,310 4.8
2012 62 319 67 262 186 117 48 209 405 1,665 3,340 4.8
2013 51 261 65 266 99 92 42 204 358 1,425 2,863 4.1
2014 54 267 62 241 108 103 44 191 365 1,563 2,997 4.3
2015 52 255 60 214 106 93 41 192 308 1,492 2,812 4.0
Notes:

1. Data from 1991 to 2005 collected from the City's Annual Water Use Reports.

2. Data from 2006 to 2015 collected from the City's customer billing system; meter count is determined as the unique premise number tied to each customer account in the customer billing system.
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The historical metered consumption and contract water supply volumes from 2006 to 2015 for each
wholesale customer are illustrated in Figure 3.3. On average since 2011, RWD No.’s 1, 3, 5/8, Kechi and
Derby utilized over 80 percent of their respective contract amounts. Bel Aire, Benton, Rose Hill, and
Valley Center utilized between 34 and 65 percent over the same period; and Park City utilized
approximately 12 percent of the contract amount. The metered consumption portion of the contract
amount on annual basis for each wholesale customer is listed in Table 3.4; maximum, average, and
minimum portions for the data ranges from 2006 to 2015 and from 2011 to 2015 are also listed in Table
3.4.

3.4 Seasonal Water Consumption
Monthly average day sales data from 2006 to 2015 was evaluated to determine seasonal characteristics for
water consumption. The average day sales by month during this period is listed in Table 3.5. Four
demand seasons were sequestered by averaging monthly sales and evaluating a running total for all 12
months within a 3 month selection. This evaluation identifies the months that fall into the categories
listed below:

o High demand season: July, August, and September;

e Moderately high demand season: April, May, and June;

e Moderately low demand season: October, November, and December; and

e Low demand season: January, February, and March.

Recent historical monthly average day sales from 2011 to 2015 for the residential, commercial,
wholesale, and utility customer classifications is illustrated in Figures 3.4, 3.5, 3.6, and 3.7; the total for
all customer classes is illustrated in Figure 3.8. The residential, commercial, and wholesale customer
classifications reflect the seasonal demand characteristics described in the paragraphs above. The utility
classification is fairly consistent, but does include periodic months in which the average day sales double.
Utility average day sales represent a fraction of the total; since 2006 average day sales have not exceeded

more than 0.16 percent of the total.

3.5 Large Users

The top twenty large users from 2011 to 2015 were filtered from the average day sales data provided by
the City to compare rankings from year to year and is illustrated in Figure 3.9. This data format exposes
significant increases or losses in average day sales that is representative of customer gains and losses.
Approximately 75 percent of the large users over this time period have average day sales ranging from

approximately 35 gpm to 100 gpm. The top 2 large users have held their ranking since 2011; their
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Historical Contract Amounts vs. Metered Consumption
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Table 3.4
Metered Consumption Portion of Water Supply Contract Amount

Year(s) RWD No. 1 RWD No. 3 RWD No.5 & 8 Bel Aire Park City Kechi Benton Rose Hill Valley Center Derby
2006 - - 68% 70% 9% 95% - 50% 56% 97%
2007 - - 61% 62% 12% 88% - 45% 81% 91%
2008 - - 58% 57% 10% 74% - 42% 75% 85%
2009 - - - 40% 11% 89% - 39% 75% 90%
2010 99% 3% 59% 47% 11% 97% - 41% 81% 97%
2011 102% 78% 111% 40% 16% 98% 20% 36% 75% 112%
2012 95% 98% 101% 51% 18% 98% 77% 37% 73% 100%
2013 76% 79% 95% 51% 9% 76% 66% 35% 63% 85%
2014 78% 79% 87% 45% 10% 84% 70% 31% 63% 91%
2015 73% 75% 82% 39% 9% 75% 66% 31% 52% 86%

Data Range

2006-2015
Max 102% 98% 111% 70% 18% 98% 77% 50% 81% 112%
Average 87% 69% 80% 50% 11% 87% 60% 39% 70% 93%
Min 73% 3% 58% 39% 9% 74% 20% 31% 52% 85%

2011-2015
Max 102% 98% 111% 51% 18% 98% 77% 37% 75% 112%
Average 85% 82% 95% 45% 12% 86% 60% 34% 65% 95%
Min 73% 75% 82% 39% 9% 75% 20% 31% 52% 85%

Notes:

1. The metered consumption portions listed above are based on the data illustrated in Figure 2.3 with respect to the annual contract amounts.
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Table 3.5
Seasonal Demand Evaluation

Demand Season (MGD)
Year Low Moderately High High Moderately Low
January February March April May June July August September October November December
2006 43.6 39.2 45.9 46.8 55.6 67.4 72.8 78.3 67.6 66.6 47.2 40.6
2007 36.0 46.2 49.4 40.0 41.8 54.4 54.0 78.8 65.1 64.9 52.3 33.8
2008 50.8 49.5 40.1 37.5 45.8 47.8 57.2 65.1 63.4 51.9 31.7 44.1
2009 47.0 40.0 40.3 42.6 39.0 63.6 63.5 60.9 56.7 48.8 42.5 30.8
2010 40.2 39.9 41.9 40.1 41.0 63.3 69.2 74.6 64.2 57.8 46.6 39.7
2011 36.7 42.9 48.9 43.2 43.0 67.8 65.1 94.5 66.8 64.6 47.7 32.9
2012 45.1 39.0 38.9 38.3 53.3 59.9 82.9 84.5 61.1 54.9 48.9 33.2
2013 46.4 33.6 36.3 38.2 35.9 47.3 59.6 53.6 58.6 54.7 39.9 37.5
2014 40.4 37.0 37.6 37.6 49.0 56.6 55.4 57.1 61.4 57.0 38.0 41.8
2015 38.2 34.1 38.9 41.9 40.1 46.9 60.1 56.1 48.6 53.8 44.2 41.8
Monthly Average® 42.4 40.1 41.8 40.6 44.5 57.5 64.0 70.4 61.3 57.5 43.9 37.6
Running Total® 124.4 1426 195.7 139.0
Seasonal Average® 41.5 47.5 65.2 46.3

Notes:

1. Monthly average is based on years 2006 through 2015.

2. Running total is the summation of the monthly averages within the respective demand season
3. Seasonal average is based on the monthly average within the respective demand season
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2016 Water Master Plan Water Demands

premise numbers are 33450 and 34883 respectively. The demand allocation in the model for the top

twenty large users is done manually for quality assurance.

3.6 Water Demand Projections

The 2013 WDA developed a range of population-based water demand projections through 2060;
references to information from the 2013 WDA in this report are tied to the planning periods evaluated in
this Water Master Plan (WMP) for years 2015, 2020, 2035, and 2045. High, medium, and low growth
water demand projections were developed in the 2013 WDA for the entire service area (retail and
wholesale combined). The City also prepared average day demand projections that were presented in the
2015 Water Resources Plan through 2060.

A population-based approach is an effective method for projecting a range of potential water demands at a
low level and a good secondary check if other approaches are used; however, there are inherent
inconsistencies with a population-based projection as it relates to the City of Wichita which are described
below:

e Population-based demand projections assume the entire population is served by the City and the
entire population uses City water for all water use needs;

e Population-based demand projections do not consider customers that provide their own law
watering irrigation systems from private wells, industrial customers, or acknowledge the impact
commercial customers have on the total demand and the distribution system;

o Dry year water usage is not incorporated; gpcd only considers metered WTP flow for a selected
year for the entire projection period,;

e The projection granularity is insufficient for master planning with respect to wholesale customers
because it requires a projection for each wholesale customer so they are evaluated at their
respective metering locations; and

e A gpcd value can overestimate water demand for wholesale customers with little or no

commercial presence in their communities.

The water demand projections are based on projected meter counts by customer class for the retail
consumption, a combination of contract maximums and escalating projections from current sales to the
contract maximums for wholesale customers, nonrevenue water, and dry year water use adder. This
approach removes inherent inconsistencies described above and accounts for:

e The metered population purchasing water from the City;

e Specific water use trending for residential and commercial customer classes;
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e Allocating future demand based on development characteristics for residential versus
commercial;

¢ Historical consumption trending paired with contracted amounts for wholesale customer usage;
and

¢ Recent historical review of wet and dry years to develop a dry year water use adder for both

residential and commercial customer classes.

A comprehensive historical summary since 2006 of the retail and wholesale average day sales, average
day and maximum day demands, nonrevenue water, and the water demand projections with the dry year

adder described above is listed in Table 3.6 and illustrated in Figure 3.10.

3.6.1 Retail Component

The retail customer component of the water demand projections is based on recent historical water usage
in gallons per meter day (gpmd) and meter projections. The average water usage since 2013 is
approximately 175 gpmd and is the baseline for the projecting water demand beginning in 2016. The
recent high water use period occurred in 2011 and 2012 and is applied in the dry year water use
component of the demand projections. Retail meter projections are based on 1,070 meters per year with a
baseline of 131,550 meters from the year 2015.

The commercial customer component of the water demand projections is consistent with retail
component. The average water usage since 2013 is 1,287 gpmd and is the baseline for projecting water
demand beginning in 2016. Commercial meter projections are based on 150 meters per year with a

baseline of 13,435 meters from the year 2015.

Spirit is the City’s largest commercial water user and has averaged approximately 1.6 MGD annually
since 2011. Beginning in 2017, Spirit’s water supply needs will be accomplished with 40 percent reuse
water and in 2018 and beyond the long term plan includes 70 percent reuse. However, the City is still
responsible for providing Spirit’s entire water supply need on an emergency basis if reuse water is
unavailable. Therefore, the average day demand projections include the reduction in water supply due to
reuse and the maximum day demand projections include their recent historical peak demand of

approximately 2.5 MGD (no reuse present) which occurred in 2013.
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Table 3.6

Water Demand Projections

Meter-Based Projections Water Resources Plan Projections
Retail Retail & Wholesale Average Maximum | Maximum Average Maximum | Maximum
Year Meter Count Metered Usage (gpmd) Dry Year Adder (gpmd) Projected Water Usage (gpmd) Average Day Sales (MGD) Nonrevenue Nonre(\;renue Day Day® Day Day Day® Day
Residential Commercial Spirit Residential Commercial Spirit! Residential Commercial Residential Commercial Spirit Residential Commercial Spirit Wholesale’ Total Amount (MGD) (MGD) (MGD) Factor (MGD) (MGD) Factor
2006 121,942 12,182 - 241 1,868 - - - - - 294 22.8 3.9 56.1 9% 5.2 61.3 118.6 1.94 - - -
2007 123,608 12,347 - 213 1,729 - - - - - 26.4 214 3.7 51.4 13% 7.6 59.0 105.9 1.79 - - -
2008 125,064 12,510 - 198 1,638 - - - - - 24.7 20.5 3.6 48.8 10% 5.5 54.3 933 1.72 - - -
2009 126,002 12,638 - 198 1,535 - - - - - 25.0 19.4 3.6 48.0 11% 6.0 54.0 92.0 1.70 - - -
2010 126,874 12,733 14 211 1,630 195,576 - - - - 26.8 20.8 2.7 4.0 54.3 5% 3.0 57.3 101.8 1.78 - - -
2011 127,279 12,830 14 223 1,253 180,682 - - - - 28.4 16.1 2.5 4.8 51.8 16% 9.6 61.4 107.1 1.74 - - -
2012 128,144 12,959 14 216 1,245 177,307 - - - - 27.6 16.1 2.5 4.8 51.0 16% 9.9 61.0 109.2 1.79 - - -
2013 128,934 13,064 14 174 1,228 183,143 - - - - 225 16.0 2.6 4.1 45.2 11% 5.5 50.7 85.3 1.68 - - -
2014 130,127 13,228 14 182 1,190 204,703 - - - - 23.7 15.7 2.9 43 46.6 11% 5.9 52.4 80.8 1.54 - - -
2015 131,550 13,421 14 169 1,160 217,625 - - - - 22.2 15.6 3.0 4.0 44.9 10% 4.8 49.7 78.0 1.57 - - -
2016 132,620 13,571 14 175 1,193 192,692 45 56 220 1,249 192,692 29.1 16.9 2.70 7.0 55.8 11% 6.1 62.0 114.1 1.80 65.5 117.9 1.80
2020 136,900 14,171 14 175 1,193 57,808 45 56 220 1,249 57,808 30.1 17.7 0.81 7.0 55.6 11% 6.1 61.8 113.7 1.80 66.9 120.3 1.80
2035 152,950 16,421 14 175 1,193 57,808 45 56 220 1,249 57,808 33.6 20.5 0.81 7.0 62.0 11% 6.8 68.8 122.9 1.75 70.3 126.5 1.80
2045 163,650 17,921 14 175 1,193 57,808 45 56 220 1,249 57,808 36.0 22.4 0.81 7.0 66.2 11% 7.3 73.5 127.4 1.70 71.1 127.9 1.80
Notes:

1. Projected Spirit water usage assumes 40 percent reuse beginning in 2017 and 70 percent reuse in 2018 through 2045; this is eqgivalent to 60 percent and 30 percent of the historical average in 2017 and 2018 through 2045. Spirit's 2016 metered usage is based on the historical average from 2011 to 2015.

2. RWD No.'s 1, 3, 5/8, Kechi, Benton, Valley Center, and Derby projections at the contract maximimum. Bel Air and Rose Hill projections are estimated at 75 percent of their contract maximum. Park City projection estimated at 25 percent of the contract maximum

3. Maximum day demand projections include 2.5 MGD for Spirit; CoW is responsible for providing all Spirit water demand if reuse capability cannot be provided. The maximum day demand for Spirit in 2013 was 2.47 MGD.
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3.6.2 Dry Year Water Use Adder
Incorporating a dry year water use adder in the demand projections is a conservative approach because a
dry year will eventually reoccur. Representative dry and wet periods have occurred in the last 5 years. In
2011 and 2012, the metered water usage (in gallons per meter-day, gpmd) peaked and represents a dry
period; the average water usage was 219 gpmd and 1,325 for residential and commercial respectively.
From 2013 to 2014, the metered water usage was at a 10-year low and, more specifically, 2014 and 2015
were wet years; the average water usage from 2013 to 2015 was 175 gpm and 1,287 gpmd for residential
and commercial respectively. The dry year water use adder is the difference between average water use
between the dry and wet periods described above. The water demand projections are based on the water
usage listed below for retail customers:
e Residential:
o Base water usage = 175 gpmd,;
o Dry year water use adder = 45 gpmd; and
o Projected water usage = 220 gpmd.
e Commercial:
o Base water usage = 1,287 gpmd;
o Dry year water use adder = 37 gpmd; and

o Projected water usage = 1,325 gpmd.

3.6.3 Wholesale Component

The wholesale customer component of the water demand projections is based on historical average and
maximum metrics for average day sales pairings by two time periods between 2006 and 2015 and from
2011 to 2015 relative to their maximum contract amounts. The demand projections are based on the
criteria listed below; the corresponding wholesale customers that apply are also listed with their
projection:

e If the average sales amount is greater than 50 percent and the maximum amount is greater than 70
percent in either time period (from 2006 to 2015 or from 2011 to 2015), then the maximum
contract amount is applied:

o RWD No. 1 =281 gpm;

o RWD No. 3=2371gpm;
o RWD No. 5/8 =84 gpm;
o Kechi =133 gpm;

o Benton =63 gpm;

o Valley Center = 594 gpm;

City of Wichita, Kansas 3-6 Burns & McDonnell



2016 Water Master Plan Water Demands

o Derby =1,870 gpm.
e If the average sales amount is between 30 and 50 percent and the maximum amount is between
50 and 70 percent in either time period, then 75 percent of the maximum contract amount is
applied:
o Bel Aire =452 gpm;
o Rose Hill =542 gpm.
o If the average sales amount is between 10 and 30 percent and the maximum amount is between
10 and 50 percent in either time period, then 50 percent of the maximum contract amount is
applied:
o Park City = 701 gpm.
For clarity, the demand projections listed above apply to all planning periods evaluated in this Water
Master Plan.

3.6.4  Nonrevenue Water

Nonrevenue water is determined as the difference between the WTP HSPS metered flow and the total
customer metered sales (retail and wholesale). Nonrevenue water ranged from 8 percent to 13 percent
since 2006 and averaged approximately 11 percent. Since 2011, nonrevenue water is descending, from 11
percent to 8 percent, and can be related, but not limited to, the decline in average day sales. The
nonrevenue component included in the water demand projections is 11 percent based on recent historical
information and the assumption that demand projections will escalate as the City grows to the 2045

planning period.

3.6.5 Maximum Day Demand Factor
Since 2006, the maximum day to average day ratio (or maximum day factor) ranged from 1.54 to 1.94,
with an average of 1.73. Recent historical maximum day factors since 2012 include a value of 1.79
occurring in 2012; 2014 and 2015 are representative of wet years and recorded the lowest factors since
2006 of 1.54 and 1.57 respectively. Since 2006, the maximum day factor has been descending, therefore,
the projections begin conservatively with a high factor of 1.80 beginning in 2016 and the trend of
descending factors is anticipated to continue through the planning periods evaluated. The factors for each
planning period are as follows:

e Year 2020 at 1.80;

e Year 2035 at 1.75; and

e Year 2045 at 1.70.
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3.6.6 Conclusion

The meter-based water demand projections discussed in Section 3.6 and the population-based water
demand projections from the 2013 WDA are illustrated Figure 3.10. The average day demand projection
(meter-based) most closely follows the medium growth projection from the 2013 WDA. The maximum

day demand projection (meter-based) falls within the low growth projection range through 2045.

The City also developed an average day water demand projection as part of the 2015 Water Resources
Plan and includes a 1 percent drought and targets a 0.35 percent conservation effort through year 2060. In
2014, the City decided on a 1 percent drought tolerance to provide greater water supply resiliency. Water
conservation is also part of the City’s long term strategy to reduce the need for a new water supply source.
Additionally, conservation efforts have reduced the base demand over the last 5 years as stated in the
Water Resources Plan. Applying a constant maximum day to average day factor of 1.80 throughout the
planning period is representative of the meter-based water demand projection. The average day and
maximum day demand projections developed in the Water Resources Plan are listed below, listed in
Table 3.6, and illustrated in Figure 3.10:

o 2016 at approximately 66 MGD and 118 MGD respectively.

e 2020 at approximately 67 MGD and 120 MGD respectively.

e 2035 at approximately 70 MGD and 127 MGD respectively.

o 2045 at approximately 71 MGD and 128 MGD respectively.

e Forinformation only, in 2060 at approximately 72 MGD and 129 MGD respectively.

The meter-based average day and maximum day demand projections by planning period are summarized
below for comparison to the Water Resources Plan projections:

e 2016 at approximately 62 MGD and 114 MGD respectively.

e 2020 at approximately 63 MGD and 115 MGD respectively.

e 2035 at approximately 70 MGD and 125 MGD respectively.

e 2045 at approximately 75 MGD and 129 MGD respectively.

After review of the meter-based water demand projections and comparison with the Water Resources
Plan, City staff concludes the projections from Water Resources Plan are adequate for the hydraulic

modeling and evaluation for the development of capital improvements in this Water Master Plan.

* k% Kk k%
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4.0 EXISTING WATER SYSTEM

This section of the report provides background and general description of key features in the raw water
system and the potable water distribution system incorporated in each hydraulic model. For clarity,
capacity and treatment process information regarding the Main WTP is for general reporting purposes; the
WTP is not incorporated in the hydraulic model. The raw water model includes multiple groundwater
supply sources, surface water supply, and transmission to WTP influent piping and valving. The water
distribution system model includes high service pumping, booster pumping, system storage, and the
distribution system pipe network that delivers water to the City’s retail and wholesale customers. The

raw water and water distribution systems are illustrated in Figure 4.1.

41 Raw Water System

The City of Wichita has four sources of water supply, Cheney Reservoir, Equus Beds Well Field
(EBWF), Bentley Well Field, and the Local Well Field, as shown in Figure 4.2. These sources are
utilized as an integrated raw water supply in order to preserve the individual capacity and quality of each
raw water resource. Cheney Reservoir is a primary raw water source and is located about 20 miles west
of Wichita and typically provides a majority of annual supply. The EBWF includes 64 wells located
about begins about 16 miles northwest of downtown Wichita, and is the other primary raw water supply
for the City. The Bentley Well Field was redeveloped in 2009 to capture water from the Arkansas River
during high flow periods, and includes a total of six wells. The local well field, also known as the E-

Wells and S-Wells, surround the WTP and are primarily used to meet peak water demands.

4.1.1 Cheney Reservoir

Cheney Reservoir was completed in 1965 and has a firm yield of about 49,000 acre-feet per year (AFY)
or 43.7 million gallons per day (MGD). The reservoir has 151,780 acre-feet of storage capacity in the
conservation pool. Cheney pump station has a firm pumping capacity of about 80 MGD; however,
pumping is currently limited to approximately 68 MGD in the 60-inch transmission pipeline. Field
testing conducted in 2007 concluded air pockets in the transmission pipeline are the limiting factor in
delivering more than 68 MGD. Additional air release valves and changes to operation of the pipeline are

required to increase the capacity to 80 MGD.

Wichita has three water rights for Cheney Reservoir as detailed below:
o Water Right 5033 allows for 30,667 acre-feet of water per year at a maximum diversion
rate of 60 MGD.
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2016 Water Master Plan Existing Water System

o Water Right 40126 allows for an additional 21,973 acre-feet of water per year at a
maximum rate of 60 MGD.

e These combined water rights limited Wichita to 52,640 acre-feet per year, (a distributed
daily use of 47 MGD), and a maximum additional withdrawal rate of 120 MGD.

o In the late 1990’s, Wichita received Water Right 42824 that changed the annual
withdrawal to the summation of Cheney and the EBWF at 98,638 acre-feet per year or a
distributed daily quantity of 82.7 MGD. This water right facilitated access to an
additional 36,000 acre-feet when water levels in the reservoir exceed 1,420 feet above
mean sea level. The maximum diversion rate from the reservoir was limited to 120
MGD. This water right allows the City to manage and maximize the use of surface water
during times of surplus, ultimately maintaining firm supply and the superior water quality
from the EBWF.

Algal blooms have been an operational issue with the reservoir since the early 1990’s. Wichita initiated
watershed protection efforts in partnership with Cheney Lake Watershed, Inc. in 1994 to protect the lake
water quality and reduce the need for advanced treatment requirements at the WTP. Implementation of
best management practices substantially reduced the inflow of agricultural nitrogen and phosphorus
discharge into the reservoir and dampen the impact of algal blooms. Algal blooms periodically
reoccurred in late 2002 through 2003 causing episodes of taste and odor in the potable water, therefore,
the City initiated a taste and odor study in spring 2003 and installed an ozone feed system in 2005. Ozone
was originally dosed between 4 to 5 mg/L until bromate formation was discovered. Ozone was recently
modified to reduce chemical cost and maximize treatment benefits without overfeeding, in addition to
limiting bromate formation potential. Ozone dose should be adjusted when events with high TOC and
color are present, elevated 2-methylisoborneol (MIB) or geosmin levels, events with cell counts that

trigger KDHE warning, or elevated algal toxins.

In June of 2016, cyanobacteria cell count in Cheney Reservoir was found to be higher than what is
typically observed. In the southwest end of the reservoir, cell counts reached 363,000 cells/mL. Other
areas ranged between 45,000 and 100,000 cells/mL. Water quality testing showed that the cyanobacteria
were producing taste and odor compounds and algal toxins. The compounds most commonly associated
with taste and odor episodes are geosmin and MIB. Geosmin, which literally translates to “earth smell,”
is an organic compound with a distinct earthy flavor and aroma. Ozone at Cheney Reservoir was

increased from 2.0 to 3.5 mg/L to better treat the algal blooms.
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2016 Water Master Plan Existing Water System

Cyanobacteria produce a chemically and bioactively diverse group of toxins. Some of these compounds
are very toxic and could pose a health risk to people and animals when they are exposed to them in large
enough quantities. KDHE and the City of Wichita conducted periodic testing for cell count, cell ID,
Geosmin, and various algal toxins. High cell counts that occurred during first half of June placed Cheney
Reservoir on the KDHE “Warning List”. Microcystin concentrations were low and ranged between 2 and

4 ug/L. Other species, including cylindrospermopsin, anatoxin, and saxitoxin were not detected.

During the last week of June 2016, cell counts declined, but microcystin concentrations increased to
between 4 and 5 pg/L, which put Cheney Reservoir on KDHE’s “Watch List”. After treatment, finished

water samples were non-detect (less than 0.3 pg/L).

4.1.2 Equus Beds Well Field

The City of Wichita and several other users including industrial, agricultural, domestic, and other
municipalities have been using the aquifer water since 1939. Since the 1970’s, over-development of the
Equus Beds Aquifer has continued to occur and, as a result, groundwater levels declined substantially
through 1993. In addition to declining groundwater levels, the gradient created by these declining
groundwater levels caused natural chloride contamination from the Arkansas River and chloride
contamination from the abandoned Burrton oil field to be pulled toward the EBWF at an accelerated rate
threatening to degrade the generally high quality of the EBWF. Wichita maintains three senior water
rights within the EBWF, HV006, 00388, and 1006, with a combined total access to 40,000 acre-feet per

year, at a maximum withdrawal rate of 78 MGD.

Wichita City Council adopted the Integrated Local Water Supply Plan (ILWSP) in 1993 and has
implemented the following portions:
e Increased focus on surplus surface water supplies
o Implement Cheney Reservoir as a primary and preferred resource.
o Implement an Aquifer Storage and Recovery (ASR) Project in the EBWF with
above-base flow from the Little Arkansas River
o Redevelop the Bentley Reserve Well Field.
o Expand the Local Well Field.

e Continue demand management practices.

Development of the EBWF has been ongoing since 1939 and a general timeline summary is listed below:

e Originally developed wells in 1939 with a total of 25 wells.
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e Additional 10 wells added in 1949.

e Additional 20 wells added in 1958.

e ASR Phase 1 included three diversion wells, one Recharge Well (RW), three Recharge Recovery
Wells (RRW), one recharge basin; work was completed in 2007 with the primary purpose of
developing a hydraulic resistance to the nearby Burrton chloride contamination.

e ASR Phase 2 was completed in 2013 with the purpose of expanding recharge facilities and
replacing aging infrastructure including the following:

o Replaced 14 production wells with RRWs.

o Added six new RRWs at new locations within the EBWF.

o Installed one additional RW

o Expanded a recharge basin at an existing site (RB36).

o Replaced about 28 miles of raw water pipeline to provide 146 MGD of raw water supply
from the EBWF.

4.1.3 Bentley Well Field

The Bentley Well Field was redeveloped in 2009 and installed six wells along the Arkansas River south
of the EBWF. Two of the wells have a groundwater right and the other four wells are used for bank
storage and initiate operation at a minimum streamflow of 165 cubic feet per section (cfs). The well field

has a total combined water right of 2,861 acre-feet at a maximum diversion rate of 13.8 MGD.

Water quality from the Bentley Well Field can be an issue as the Arkansas River is naturally high in
chlorides. Chloride concentrations in the river and local aquifer tend to decrease as streamflow increases
and the City strives to limit chlorides to 200 mg/L in the finished water; therefore, water is pumped from
the Bentley Well Field to the WTP based on the anticipated raw water quality, and the ability to blend the

chlorides with the other water sources.

414  Local Well Field

The LWF includes 16 wells originally constructed in 1949 and expanded in 1953. Four wells were
redrilled in 1997 and 6 wells were redrilled in 2012. These wells are adjacent to the WTP between the
Arkansas River and Little Arkansas River. The existing LWF has five water rights. The S-Wells are
authorized by four water rights that combine for 1,120 acre-feet per year (SG-1, 42879, 42880, and
42881) at maximum diversion rate of 22.3 MGD. The remaining water right (540) authorizes the E-wells
at 16,440 acre-feet per year at a maximum diversion rate of 14.6 MGD. These wells allow for a

distributed average withdrawal of 15.67 MGD and a maximum withdrawal rate of 37 MGD. Historical
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operation shows these wells can effectively pump about 30 MGD for a few weeks then aquifer yield
decreases to a range of 15 to 18 MGD depending on river stage.

415 Total Raw Water Supply Capacity

Wichita’s current water rights total 113,059 acre-feet per year from the four existing water sources as
shown in Table 4.1. This equates to an average day of 101 MGD; the total maximum allowable permitted
diversion rate is 170.8 MGD. Based on these water right capacities and the projected demand, no
additional water rights are required to meet demands through 2050; however, the system is not completely
drought-proof. Recharge of the EBWF was the planned mechanism to minimize risk of a water short-fall

for the City and their customers.

4.2 Water Distribution System

The Main WTP includes the East and Central treatment trains and is located on the north bank of the
Arkansas River, just upstream of the confluence of the Little Arkansas River near Museum Boulevard.
Treated potable water is stored in the Hess Reservoir system and pumped to the distribution system by
Hess HSPS. The water distribution system includes Hess, East, West Maple, and Northeast pressure
zones where water is either boosted directly from Hess pressure zone or held in ground storage and
pumped. Elevated storage in the distribution system is primarily relied on for system control and some
equalization demands; it is not relied on for fire or emergency service. The modeled distribution system
is illustrated in Figure 4.3 and includes water mains greater than or equal to 8-inches in diameter made
available from the City’s water system GIS in January 2016. The hydraulic model also includes some
smaller diameter mains where the piping is deemed hydraulically necessary for distribution system

connectivity.

4.2.1 Production & High Service Pumping

The Main WTP currently treats a blend of raw surface water from Cheney Reservoir and groundwater
predominantly from the EBWF. The Main WTP includes two treatment trains, also referred to as the
Central WTP and East WTP, with a total rated capacity of 160 MGD. The design capacity of the Central
WTP is 130 MGD. The design capacity of the East WTP is 30 MGD and is typically used in conjunction
with the Central WTP during periods of high demand or during periods of maintenance outages in the
Central WTP. The combined operational capacity of the Central and East WTPs is less than 160 MGD
and potentially limited by hydraulic bottlenecks, backwashing capability, and/or filter loading.

Hess HSPS delivers water from the Hess Reservoir system to the distribution system from a combination

of eight pumps with varying sizes. The firm capacity is approximately 202 MGD at approximately 264 ft
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Table 4.1
Water Rights Summary

Raw Water Source Water Right Maximum Quantity Average Daily Maximum Diversion *Limitation
Designation Number Acre-Feet/Year Diversion (MGD) Rate (MGD) Description
5033 30,667 27.4 60.0
Cheney Reservoir 40126 21,973 19.6 60.0 -
5033 & 40126 Combined 52,640 47.0 120.0
EBWF + Cheney Conjunctive Use 42824* 36,000 32.1 80.0 Conjunctive Use, available above 1,420' MSL.
Allowable Maximum: 88,640 120.0 -
HV006 25,000 22.3 33.0 _
EBWF 388 40,000 35.7 48.0
1006 25,000 22.3 30.0 Limited to a Maximum of 40,000 AF at a maximum
Allowable Maximum: 40,000 35.7 78.0 diversion rate of 78MGD.
ICheney + EBWF Maximum Allowable Conjuctive Use 92,638 82.7 120.0 -- I
SG-1 1,120 1.0 18.1 Tied to EBWF water right 1006."
. 42879 131 . 14
Local Well Field (S-wells) 42880 130 8 1 14 No additional quantity from 42879, 42880, and
42881 130 01 14 42881, only additional rate.
Local Well Field (E-wells) 540 16,440 14.7 14.6 Tied to EBWF water right 1006."
Allowable Maximum: 17,560 -- 36.9 --
45297 331 0.3 2.3 Groundwater Permit
45296 506 0.5 2.3
Bentley Reserve Well Field 45298 506 0.5 2.3 . ) . )
45299 506 0.5 2.3 Conditional to Arkansas River conditions exceeding
45300 506 0.5 2.3 base flow of 165 cfs.
45301 506 0.5 2.3
Allowable Maximum: 2,861 -- 13.8
Total Raw Water Allowable Maximum 113,059 98 171

Notes:
1. Limitation and/or relationship may require addition investigation.
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2016 Water Master Plan Existing Water System

of pump head with the largest pump out of service. Pump curve information and manufacturer’s

information for the Hess high service pumps are listed in Table 4.2.

4.2.2 Pressure Zone Relationship

The water distribution system includes four pressure zones. Hess pressure zone is the primary pressure
zone that conveys water to the East, West Maple, and Northeast pressure zones. Even though elevated
storage exists in the Hess and Northeast pressure zones, the City operates them like a closed system. By
traditional definition, a closed system is a pressurized network with no elevated storage. A pressurized
network with active and effective elevated storage is considered an open system. The East and West
Maple pressure zones function and operate like a traditional closed system. A description of the pressure

zone relationship described in the following sections is illustrated in Figure 4.4.

A more in depth discussion on effective storage, for both ground and elevated storage, is provided in the
storage evaluation within Section 6.0 of this report. A general description of the operational controls and
parameters is provided in Appendix A and includes meeting minutes from interviews conducted with City
staff tasked responsible for the pumping and storage components of the water distribution system.

4221 Hess Pressure Zone

In terms of customers, demand, and pipe network size in terms of linear feet, Hess pressure zone is by far
the largest pressure zone. In 2015, Hess pressure zone represented approximately 78 percent (36.7 MGD)
of the average day demand in the entire distribution system. Water demand is supplied by the Hess
Reservoir and HSPS, Woodlawn Tower, and Roosevelt Tower. Elevated storage from the towers is
primarily used for operational control by operators. Hess HSPS also pumps water to the Webb Road
Reservoir. Webb Road Reservoir is used as a storage buffering mechanism for the entire distribution
system, but only to the extent made possible from the turnover volume imparted by the pumping

operations and water demand in the Northeast pressure zone.

4.2.2.2 Northeast Pressure Zone

The Northeast pressure zone represented approximately 7 percent (3.5 MGD) of the total average day
demand in 2015. Water demand is supplied by the Webb Road Reservoir and PS and the 37" Street BPS.
Webb Road Reservoir is below grade and filled by the Hess pressure zone through a sleeve valve. The
sleeve valve maintains an inlet pressure to sustain the hydraulic gradient in the Hess pressure zone and
permit flow into the reservoir. The Webb Road Reservoir is dedicated storage for the Northeast pressure
zone and is pumped by a combination of as many three pumps at Webb Road PS. One of the pumps

provides transitional pressure zone service to either the Northeast or East pressure zone by opening and
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Hess High Service Pump Station Information

Table 4.2

Head-Capacity Curve Data
Rated Duty Point End of Published Curve ..
Pump Efficiency @
Pump No. Shutoff Head (ft) Flow Head Flow Head Duty Point (%)
(MGD) (ft) (MGD) (ft)
1 355 28.8 300 40.3 200 86
2 355 28.8 300 40.3 200 86
3 370 36.0 264 56.0 200 85
4 355 28.8 302 38.9 225 87
5 305 25.2 264 34.6 190 86
6 370 36.0 264 56.0 200 85
7 305 25.2 264 34.6 190 85
8 355 28.8 300 40.3 200 86
Additional Pump Information
Pump No. Manufacturer Horsepower Speed Driver Dedicated VFD
(hp) (rpm) VFD Capability
1 Patterson 1820 900 constant no yes
2 Patterson 1820 900 VFD yes yes
3 Patterson 1855 900 constant no yes
4 Patterson 1855 900 constant no yes
5 Patterson 1820 900 constant no yes
6 Patterson 1855 900 constant no yes
7 Patterson 1750 900 constant no yes
8 Patterson 1820 900 constant no yes

City of Wichita, Kansas

Burns and McDonnell
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closing multiple valves positioned in the suction and discharge headers; the other two pumps are
dedicated to the Northeast pressure zone. Transitional pumping service is done locally and manually by
City staff at Webb Road PS.

The 37" Street BPS takes direct suction from the Hess pressure zone and also serves the Northeast
pressure zone. The Northeast pressure zone includes elevated storage in the Northeast Tower, but it was

taken out of service in 2012; therefore, this pressure zone is operated as a closed system.

4.2.2.3 East Pressure Zone

The East pressure zone represented approximately 15 percent (6.8 MGD) of the total average day demand
in 2015. Water demand is supplied by the Webb Road PS to the East pressure zone from a combination
of as many as four pumps. These pumps provide booster service and take suction directly from the Hess
pressure zone. As indicated above, one of the pumps provides transitional pressure zone service to either
the Northeast or East pressure zone by opening and closing multiple valves positioned in the suction and
discharge headers; the other three pumps are dedicated to the East pressure zone. Water demand is also
supplied by the Southeast BPS and also takes direct suction from the Hess pressure zone.

4.2.2.4 West Maple Pressure Zone
The West Maple pressure zone includes a small number of residential customers, two elementary schools,
one middle school, and one high school whose 2015 average day demand was approximately 45 gpm.

The Maple BPS takes direct suction from the Hess pressure zone and serves the West Maple BPS.

4.2.3 Booster Pumping

Distribution system pump stations include Webb Road PS and 37" Street BPS which serve the Northeast
pressure zone, Webb Road PS and Southeast BPS which serve the East pressure zone, and the West
Maple BPS which serves the West Maple BPS. Pump curve and manufacturers information for

distribution system pumping is listed in Table 4.3.

4.2.4  Pipe Metrics

The water distribution system piping, as modelled, includes approximately 1,790 miles from a
combination of ductile iron pipe (DIP), PVC, HDPE, asbestos cement, cast iron, and galvanized pipe.
The hydraulic model was developed from the City’s water system GIS and includes pipes greater than or
equal to 8-inches in diameter and some smaller sizes where distribution system connectivity necessitated

their inclusion. The 6-inch, 8-inch, and 12-inch diameter pipes represent approximately 89 percent of the
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Table 4.3

Distribution System Pump Data

Webb Road Pump Curve Data
Rated Duty Point End of Published Curve L
Pump Efficiency @
Pump No. Shutoff Head (ft) Flow Head Flow Head Duty Point (%)
(MGD) (ft) (MGD) (ft)
BDP-2 224 3.0 190 4.4 122 note 1
BDP-3 243 5.0 200 8.9 143 note 1
MLP-1 259 5.0 192 6.8 140 87
MLP-2 76 12.5 50 16.6 30 86
MLP-3 76 12.5 50 16.6 30 86
MLP-4 76 12.5 50 16.6 30 86
Additional Pump Information
Horsepower Speed . Pressure VFD
Pump No. Manufacturer (hp) (rom) Driver Zone Service Capability
BDP-2 Aurora 150 note 1 Constant Northeast no
BDP-3 Aurora 300 note 1 VFD Northeast yes
MLP-1 Aurora 250 1800 Constant Northeast, East no
MLP-2 Aurora 150 900 VFD East yes
MLP-3 Aurora 150 900 VFD East yes
MLP-4 Aurora 150 900 VFD East yes
37th Street BPS Pump Curve Data
Rated Duty Point End of Published Curve L
Pump Efficiency @
Pump No. Shutoff Head (ft) Flow Head Flow Head Duty Point (%)
(MGD) (ft) (MGD) (ft)
1 293 2.6 231 35 162 note 1
2 127 0.6 120 13 60 note 1
3 127 2.2 120 3.7 69 note 1
Additional Pump Information
Horsepower Speed ) Pressure VFD
Pump No Manufacturer (hp) (rom) Driver Zone Service Capability
1 note 1 note 1 note 1 VFD Northeast yes
2 note 1 note 1 note 1 Constant Northeast no
3 note 1 note 1 note 1 Constant Northeast no
Southeast BPS Pump Curve Data
Rated Duty Point End of Published Curve L
Pump Efficiency @
Pump No. Shutoff Head (ft) Flow Head Flow Head Duty Point (%)
(MGD) (ft) (MGD) (ft)
1 285 12.0 130 14.8 115 87
2 285 12.0 130 14.8 115 87
Additional Pump Information
Horsepower Speed . Pressure VFD
Pump No Manufacturer (hp) (rom) Driver Zone Service Capability
1 Wemco 350 1190 Constant East no
2 Wemco 350 1190 Constant East no
West Maple BPS Pump Curve Data
Rated Duty Point End of Published Curve L
Pump Efficiency @
Pump No. Shutoff Head (ft) Flow Head Flow Head Duty Point (%)
(MGD) (ft) (MGD) (ft)
1 232 0.8 111 0.9 40 62
2 232 0.8 111 0.9 40 62
Additional Pump Information
Horsepower Speed . Pressure VFD
Pump No. Manufacturer (hp) (rom) Driver Zone Service Capability
1 Grundfos note 1 note 1 VFD West Maple yes
2 Grundfos note 1 note 1 VFD West Maple yes
Notes:

1. Information unknown; information that is listed is the best available data provided by the City.
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modelled distribution system with 8-inch being the largest in overall linear feet at approximately 1,200
miles or approximately 67 percent of the modelled distribution system.

425  Storage

Ground storage includes the Hess Reservoir system, which provides storage for the entire distribution
system, and Webb Road Reservoir which provides dedicated storage for the Northeast pressure zone.
Elevated storage includes the Roosevelt and Woodlawn towers located in the Hess pressure zone and the
Northeast Tower located in the Northeast pressure zone. Ground and elevated storage details are listed in
Table 4.4.

As indicated previously, even though Hess pressure zone includes elevated storage in the Roosevelt and
Woodlawn towers, it is operated like a closed system. Tower level is controlled manually by City staff
from the Main WTP control room. A butterfly valve, at each tower, is actuated to control the drafting and
filling status above a predetermined water level elevation, or hydraulic gradient, which maintains a
designated minimum pressure in the Hess pressure zone. The low level alarm is set at 22 feet which is
equivalent to a hydraulic gradient of 1,504 ft and is also equivalent to approximately 63 percent of the
volume in each tower. The head range of each tower is 35 feet, and, generally speaking, tower level is
controlled between 28 ft and 32 ft.

The Northeast Tower has been out of service since 2012. When the tower was in service, City staff
reported an inability to adequately turnover the tank volume which resulted in insufficient water quality
due to high water age. Additionally, the Webb Reservoir PS and 37" Street BPS control philosophies

were not modified to support the operational shift from a closed system to an open system.

* k% k * %
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Table 4.4
Storage Summary

Capacity Finished Floor Overflow Head Range
Name Pressure Zone Type .1 .

(MG) Elevation™ (ft) Elevation (ft) (ft)

Roosevelt Tower Hess elevated 2.0 1,402 1,517 35
Woodlawn Tower Hess elevated 2.0 1,412 1,517 35
Northeast Tower Northeast elevated 1.0 1,412 1,580 40
Hess Reservoir all ground 10.6 1,287 1,302 15
Hess Reservoir all ground 9.7 1,287 1,302 15
Hess Reservoir all ground 7.5 1,287 1,302 15
Hess Reservoir all ground 4.3 1,287 1,302 15
Hess Reservoir all ground 3.0 1,287 1,302 15
Webb Reservoir Northeast ground 10.0 1,375 1,395 20

Notes:

1. Finished floor elevations listed for Roosevelt and Woodlawn towers represent grade elevations.
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5.0 DISTRIBUTION SYSTEM MODEL CALIBRATION

This section of the report discusses the field testing program, model calibration verification, hydraulic

analysis criteria, and the diurnal analysis of the Wichita water distribution system.

5.1 Field Testing and Data Collection
Field testing was conducted, from April 4, 2016 through April 11, 2016, to collect data to verify model
calibration. Field testing activities included fire hydrant tests and pressure monitoring in the distribution
system recorded by data loggers. Data loggers were positioned on fire hydrants located at or near water
mains ranging between 8 inches and 12 inches in diameter and are shown in Figure 5.1. Supervisory
Control and Data Acquisition (SCADA) historian information was collected for distribution facilities to
complete the data set required for verification of the model calibration are listed below:
e Pumping at Hess HSPS, Webb Road PS, Southeast BPS, 37" Street BPS, and West Maple BPS
o Suction and discharge pressure
o Flow
o VFD speed where applicable
o Bypass status where applicable
e Storage levels at Woodlawn Tower, Roosevelt Tower, and Webb Reservoir
e Pressure in Hess pressure zone at:
o 47" and West Street
o 13"and Tyler
o Central and Main
e Pressure in the East pressure zone at:
o Kellogg and Webb
o Harry and Webb
e Pressure in the Northeast pressure zone at:
o 34™and Webb
e Pressure in the West Maple pressure zone at:
o 167" St and West Maple

Fire hydrant testing was conducted at 33 locations in the distribution system on April 4" and 5, 2016.
Fire hydrant testing simulates hydraulic stress in the distribution system and the test results are used to
confirm the calibration of the hydraulic model. The procedure includes discharging water from a hydrant,

termed as the “flowing” hydrant, and observing the corresponding pressure drop in the system at an
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2016 Water Master Plan Distribution System Model Calibration

adjacent hydrant in the vicinity, termed as the “gauged” hydrant. The rate of flow discharged from the
flowing hydrant is calculated based on the residual pressure. City staff were present at all fire hydrant
testing locations and the results are included in Appendix B.

5.2 Model Calibration Verification

Calibration is performed by adjusting, if needed, the Hazen-Williams coefficient, or C-value, assigned to
pipe segments to simulate pressure recorded from fire hydrant tests and from data logger under static and
flowing conditions. The C-values are adjusted in the model within 5 psi of the field test results up to a
pressure of 80 psi; above 80 psi, the C-values are adjusted to simulate field conditions within 10 percent.
The C-values assigned in the model represent the relative internal roughness and provide an indication of
the degree of roughness within a pipe. Pipes with high C-values convey water with little frictional
headloss, but C-values generally decrease with age. Pipes with low C-values can be indicative of partially
closed valves in the distribution system, scaling, or other water quality issues. When C-values degrade
beyond a certain point, pipe replacement should be considered.

The model developed in the previous water master plan, dated 2006, included all pipes greater than or
equal to 12-inches in diameter and other smaller diameters where the distribution system connectivity was
required. This model is updated with the City’s current water system GIS information and now includes
all pipes greater than or equal to 8-inches in diameter and some smaller pipes for system connectivity.
The following C-values are assigned to the additional pipes (8-inch and 10-inch) included in the model
update:

e Ashestos cement = 115

e Castiron =105

e Ductile iron = 125

e PVC=130

e HDPE =130

Model calibration results are listed in Tables 5.1 and 5.2 and validate the C-values applied to the
distribution system. Table 5.1 represents the fire hydrants tests paired with the Burns and McDonnell
data logger locations and Table 5.2 represents the fire hydrant tests paired with the City’s SCADA system
pressure monitoring locations. The model calibration adequately represents fire hydrant test results at the
gauged hydrant for the system demands experienced during field testing. The model calibration also

adequately represents the pressures recorded in the distribution system at data logger locations within 5
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Table 5.2
Water Distribution System Calibration - City Data Logger Locations

City SCADA System Pressure Monitoring Locations
Fire Hydrant Test . 167th St and 47th St and Central and 34th St and Kellogg and Harry St and
Location Date Time Maple 13th St and Tyler West St Main Webb Rd Webb Rd Webb Rd

(psi) (psi) (psi) (psi) (psi) (psi) (psi)
A. Maxwell 4/5/2016 8:05:00 AM
Field Data 58 68 97 94 50 62 47
Model Results 58 68 98 93 54 60 63
B. West 35th St 4/5/2016 8:35:00 AM
Field Data 61 68 99 93 53 61 47
Model Results 57 67 96 93 54 59 63
C. Elder 4/5/2016 9:03:00 AM
Field Data 59 71 97 93 55 62 49
Model Results 57 66 97 91 54 59 62
D. S. Turquoise 4/5/2016 9:27:00 AM
Field Data 62 68 96 92 58 62 47
Model Results 57 66 97 92 55 60 63
E. Grant St. 4/5/2016 9:49:00 AM
Field Data 60 70 99 91 58 62 49
Model Results 57 67 98 93 60 61 65
F. N Parkridge St. 4/5/2016 10:13:00 AM
Field Data 60 68 99 93 53 62 47
Model Results 57 67 98 92 53 60 63
G. N. Shefferor 4/5/2016 10:30:00 AM
Field Data 61 70 97 92 56 62 48
Model Results 57 66 97 92 52 61 64
H. N. Parkdale St. 4/5/2016 10:55:00 AM
Field Data 62 70 98 92 56 62 47
Model Results 58 68 99 94 55 61 64
I. Pepper Ridge 4/5/2016 11:16:00 AM
Field Data 61 71 98 93 56 61 48
Model Results 58 67 98 93 55 60 64
J. Barrington St. 4/5/2016 12:49:00 PM
Field Data 61 70 95 93 57 63 49
Model Results 58 68 99 93 55 61 65
K. Harlan St. 4/5/2016 1:05:00 PM
Field Data 62 69 98 91 53 60 48
Model Results 58 68 99 93 53 61 64
L. Wellington 4/5/2016 1:38:00 PM
Field Data 60 70 96 94 60 64 48
Model Results 58 67 97 92 55 61 64
M. 47th St. 4/5/2016 2:01:00 PM
Field Data 61 69 100 92 58 60 48
Model Results 59 68 99 93 55 61 65
N. Ironwood St. 4/5/2016 2:31:00 PM
Field Data 61 70 97 92 51 62 49
Model Results 59 69 100 94 50 62 65
0. Penstemmon 4/5/2016 2:54:00 PM
Field Data 60 69 99 91 55 63 50
Model Results 59 69 99 94 54 62 65
P. Winstead/E. 17th St 4/5/2016 3:21:00 PM
Field Data 60 70 99 92 58 60 48
Model Results 59 68 98 93 55 61 64
Q. Battin St. 4/5/2016 3:49:00 PM
Field Data 59 69 96 92 61 62 47
Model Results 59 68 99 93 55 61 64
R. Erie Ave. 4/5/2016 4:20:00 PM
Field Data 60 70 99 91 60 61 47
Model Results 58 68 98 93 55 60 64
S. Williamsburg 4/5/2016 4:41:00 PM
Field Data 60 69 97 92 57 59 45
Model Results 60 68 98 93 55 60 63
T. Broadmoor 4/5/2016 5:06:00 PM
Field Data 60 69 97 92 59 61 48
Model Results 58 68 98 93 55 60 64
U. Woodridge Dr. 4/6/2016 8:33:00 AM
Field Data 62 69 93 61 59 45
Model Results 58 68 98 94 70 59 62
V. Ayesbury St. 4/6/2016 8:54:00 PM
Field Data 61 69 na 92 51 61 47
Model Results 58 67 98 93 65 59 63
W. Sumac 4/6/2016 9:11:00 AM
Field Data 60 69 ND 94 52 61 48
Model Results 57 67 97 92 63 59 62
Y. S. Lakeside Dr. 4/6/2016 9:43:00 AM
Field Data 59 69 ND 93 54 64 45
Model Results 58 68 98 93 65 60 63
Z. St. Andrew St. 4/6/2016 10:02:00 AM
Field Data 59 69 ND 94 55 65 50
Model Results 58 68 98 93 66 60 64
AA. Linden St 4/6/2016 10:26:00 AM
Field Data 61 70 ND 92 55 60 45
Model Results 56 66 96 92 57 58 61
AB. Royal Dr. 4/6/2016 10:48:00 AM
Field Data 61 70 ND 94 59 63 49
Model Results 59 69 99 94 60 62 65
AC. Vassar 4/6/2016 11:20:00 AM
Field Data 61 70 ND 93 60 62 47
Model Results 59 68 98 93 60 61 65
AD. Erie St. 4/6/2016 12:31:00 PM
Field Data 61 68 ND 91 60 60 46
Model Results 55 65 95 90 54 58 62
AE. Kinkaid 4/6/2016 12:55:00 PM
Field Data 61 68 ND 92 60 62 47
Model Results 58 67 97 92 55 60 64
AF. Maywood 4/6/2016 1:21:00 PM
Field Data 60 70 ND 92 61 62 48
Model Results 57 66 96 91 59 59 62
AG. W. 43rd St. 4/6/2016 1:44:00 PM
Field Data 60 70 ND 93 60 62 48
Model Results 58 67 95 93 60 60 64
AH. Martinson 4/6/2016 2:13:00 PM
Field Data 61 71 ND 94 53 63 50
Model Results 59 68 98 93 58 61 65
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psi up to a maximum recorded pressure of 80 psi and within 10 percent of the recorded pressure above 80
psi for the system demands experienced during field testing.

SCADA historian data for pressure at the intersection of Harry Street and Webb Road could not be used
for calibration. On average, the model results for pressure are approximately 16 psi higher. Modelling
efforts were conducted to determine if a potential cause was an open pressure zone valve, but the results
did not reflect this condition in all calibration scenarios, but it does remain a viable explanation because
of the calibration success for system pressure at the intersection of Kellogg Drive and Webb Road. This
intersection is approximately 1 mile north of the intersection at Harry Street and Webb Road and there is
only about 6 feet of elevation difference (from north to south). The model results for pressure at Kellogg
and Webb are constantly within 1psi to 2 psi from the SCADA historian data. Potential causes for the
difference between the model results and SCADA historian data for pressure at the intersection of Harry
and Webb are:

e Open pressure zone boundary valve, or valves, south of Kellogg; or

e Inaccurate pressure readings; or

e Some combination of the conditions listed above.

The pressure variation between the model results and the SCADA historian data at Harry and Webb may
also be related, but not attributed to, the pump station model adjustments made for model calibration with

respect to the bypass line at Southeast BPS and is detailed in the following section.

5.3 Pump Station Model Adjustments for Model Calibration

The primary calibration focus is the pressure recorded by the data loggers and SCADA in the distribution
system, and the gauged hydrant pressures (both static and while flowing). Matching pump station flow
rates and corresponding suction and discharge pressures are also assessed and equally important, but are
secondary in nature to distribution system pressure because it is a closed system and the control
mechanism for all pumping and storage revolves around pressure at Central and Main. Maintaining a
constant pressure, or range of pressures between 88 psi and 93 psi with a target pressure of 92 psi, at
Central and Main effects how pumps are operated at Hess HSPS (i.e. speed, pump selection, Hess
reservoir levels), tower levels, and sleeve valve position at Webb Road reservoir; these conditions then
effect suction pressure at West Maple BPS, 37t Street BPS, Webb PS, and Southeast BPS which

ultimately effect discharge pressure and flow into the pressure zones they serve.

Model results for flow, suction pressure, and discharge pressure are adequately represented at Hess HSPS

and West Maple BPS with respect to SCADA historian data. Model results for flow and suction pressure
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at 37" Street BPS and Webb Road PS (serving the Northeast pressure zone) are representative of SCADA

historian data. Model results for the sleeve valve inlet pressure at Webb Reservoir and the bypass

pressure at Webb Road PS (East pressure zone) and Southeast BPS are also representative of SCADA

historian data. There are two conditions of note, where adjustments were made to simulate SCADA

historian data, while complying with the primary calibration focus described in the previous paragraph,

are listed below:

Initial model results for discharge pressure at 37" Street BPS and Webb Road PS (serving the
Northeast pressure zone) were high; approximately 10 psi to 20 psi higher at Webb Road PS and
as much as 30 psi higher at 37" Street BPS compared to SCADA historian data.

o This could be attributed to a shift in the pump curves, or a partially closed valve
immediately downstream of the pump stations, or some other change.

Initial model results for the flow split between the bypass lines at Southeast BPS and Webb Road
PS (serving the East pressure zone) were approximately 50/50 and the SCADA historian data, on
average, indicates approximately 91 percent is conveyed through the Webb Road PS bypass and
the remaining 9 percent is conveyed through the Southeast BPS bypass.

o This could be attributed to an open pressure zone boundary valve or multiple valves south
of Kellogg, inaccurate flow meter readings at Southeast BPS, or reverse flow through the
bypass line at Southeast BPS. The ball valves on each pump discharge header and the
overpressure regulator valve were specified to prevent reverse flow. The bypass line
includes an air/oil actuated butterfly valve that could allow reverse flow if Webb Road PS
is in service. If the bypass lines at both pump stations are open, then system hydraulics,
in theory, should prevent reverse flow because the hydraulic gradient is constantly falling
from Hess pressure zone to the East pressure zone. For reference, the bypass line
isolation butterfly valve should be closed if Southeast BPS is in service. Additional
discussion on the intended control philosophy for the Southeast BPS is addressed in the

future planning period sections of this report.

Model adjustments for calibration were made to simulate the conditions described above for Webb Road

PS (serving the Northeast pressure zone, and the bypass lines at Webb Road PS (serving the East pressure

zone) and at Southeast BPS, and are described below:

Speed settings applied to the pumps at 37" St BPS and Webb Rd PS (Northeast PZ) to better
match flow, discharge pressure, and pressure at 34" and Webb Rd.
A constant minor loss coefficient was applied in each calibration scenario to the bypass line at

Southeast BPS to force more flow through the Webb Road PS bypass line.
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5.4 Hydraulic Analysis Criteria
Hydraulic analyses are conducted to determine the water distribution system’s ability to deliver
equalization storage, projected water demands, and identify deficiencies with respect to pipe capacity,
pumping, pressure, and fire flow. The hydraulic analysis criteria used in the model and reported in this
WMP include the following:
o Distribution system pressures are greater than 40 psi;
o Distribution system pressures are greater than 20 psi during fire flow analyses;
e HSPS firm capacity delivers the average demand on the maximum day at adequate pressure with
the largest pump out of service;
e HSPS firm capacity provides peak hour assistance on the maximum day demand;
e Storage can be completely replenished over a 24-hour period and equalization storage replenished
over an 8-hour period at night on a maximum day;
e Transmission pipeline velocities are less than 5 feet per second (fps), and head losses are less than
6 feet per 1,000 feet. Additional deficiencies to inadequate pipeline velocities and head losses,
such as insufficient fire flow, low pressure, or future growth, are typically required to justify pipe
replacement; and

o Evaluation of total head loss compared to the length of pipe.

5.5 Model Development

The model was developed in InfoWater 12.2 by Innovyze. This program analyzes steady state flows and
pressures in pressurized systems. The pipe network in the model is based on a numbering system for each
pipe segment and junctions (nodes). Pipe information includes length, start node, end node, C-value, and
diameter. Junction information includes elevation, demand, demand patterns, and coordinates. Other
information on pumps, storage, and supply sources such as pump curves, reservoir/tower head range and
overflow elevation, hydraulic valve settings, and fixed-head supply sources (i.e. WTPs) are also

incorporated into the model.

Model scenarios for the existing year and future planning periods are evaluated for the following demand
conditions to determine the distribution system’s capabilities, need, and location for additional supply,
piping, storage, and pumping:

e Maximum day;

e Peak hour;

e Minimum hour plus storage replenishment; and

e Maximum day plus the fire flow requirement.
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2016 Water Master Plan Distribution System Model Calibration

The maximum day scenario tests whether the water supply has sufficient capacity and if the demands can
be met throughout the system while maintaining adequate pressures. The peak hour scenario tests the
adequacy of the storage facilities and distribution system to supply high rates of flow. The minimum
hour scenario simulates the ability of the water distribution system to replenish tank storage overnight.
The maximum day plus fire flow scenarios represent the performance of the water distribution system

with a fire flow demand at a specific location on the maximum day.

5.6 Diurnal Evaluation

Diurnal curves represent changes in water demand over the course of a day, reflecting times when the
City’s customers are using more or less water than the average for that day. The average demand over the
24-hour period on the maximum day represents 100 percent on the diurnal curve. From the diurnal curve,
equalization requirements and peak hour and minimum hour factors for each pressure zone are
determined. Equalization requirements refer to the amount of storage needed for use during peaking
times when system demand exceeds system supply.

The diurnal curve for the entire system is illustrated in Figure 5.2 and the diurnal curves for Hess,
Northeast, East, and West Maple pressure zones are illustrated in Figures 5.3, 5.4, 5.5, and 5.6
respectively; Appendix C includes the diurnal calculations for each curve. The entire system diurnal
pattern is applied for extended period simulation modelling and pressure zone specific diurnal patterns are
used to determine the equalization storage requirement of each pressure zone. A summary of the
minimum hour and peak hour factors for each day during field testing is listed in Table 5.3 and a
summary of the diurnal data from 2016 and the 2006 Water Master Plan is listed in Table 5.4 for
comparison. Increases in equalization are consistent with other cities over this time period; as average
water usage declines and peak hour factors remain at similar levels, the equalization storage factor

increases.

5.7 Fire Flow Requirement

Fire protection storage includes water that must be available at all times to fight the most severe fires as
determined by the Insurance Services Office (ISO), which provides recommendations for fire demand.
Insurance companies use these studies to set insurance rates for city residents. The maximum ISO fire
flow requirement is 3,500 gpm for 3 hours or 0.63 MG; this requirement could represent large industrial
type customers or commercial buildings. Typically, residential fire flow requirements can be satisfied
with 800 gpm to 1,200 gpm. A copy of the City’s ISO report from 2012 is included in Appendix D.

* Kk Kk Xk
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Figure 5.2
Entire System Diurnal Data
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Figure 5.3
Hess Pressure Zone Diurnal Data
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Figure 5.4
Northeast Pressure Zone Diurnal Data
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Figure 5.5
East Pressure Zone Diurnal Data
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Figure 5.6
West Maple Pressure Zone Diurnal Data
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Table 5.3
Minimum Hour and Peak Hour Factors

Date System Hess East Northeast West Maple

Minimum Peak Minimum Peak Minimum Peak Minimum Peak Minimum Peak
April 4, 2016 0.55 1.35 0.59 1.30 0.03 1.78 0.49 1.89 0.11 2.35
April 5, 2016 0.53 1.30 0.52 1.28 0.45 1.76 0.50 1.82 0.18 2.92
April 6, 2016 0.61 1.27 0.64 1.30 0.31 1.86 0.54 1.67 0.03 2.63
April 7, 2016 0.57 1.31 0.54 1.28 0.48 1.81 0.68 1.75 0.17 2.17
April 8, 2016 0.56 1.35 0.54 1.33 na 2.16 0.44 1.87 0.22 1.89
April 9, 2016 0.49 1.22 0.45 1.23 0.52 1.53 0.79 1.33 0.32 2.84
April 10, 2016 0.58 1.29 0.57 1.30 0.39 1.47 0.70 1.24 0.02 2.91

Table 5.4

Diurnal Comparison - 2016 and 2003 Field Testing

Equalization (%) Minimum Hour Factor Peak Hour Factor
Pressure Zone
2016 2003 2016 2003 2016 2003
Hess 13.7 11.1 0.45 0.45 1.33 1.39
East 17.5 19.2 0.28 0.47 2.16 1.86
Northeast 12.3 17.3 0.44 0.51 1.89 2.16
West Maple1 27.5 na 0.02 na 2.92 na
System 13.4 10.7 0.49 0.48 1.35 1.45

Notes:

1. West Maple pressure zone was developed after the 2003 water master plan.
2. 2016 diurnal data developed from April 4th - 11th.

3. 2003 diurnal data developed from July 11th - 18th.
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2016 Water Master Plan Existing Distribution System Analysis

6.0 EXISTING DISTRIBUTION SYSTEM ANALYSIS

The existing water distribution system is evaluated with the calibrated model to determine the following:
e Capacity of existing pump stations;
e Characterize system pressure;
o Water main hydraulics;
o Distribution system’s ability to deliver fire flow demands;
o \Water age;
e Adequacy of system storage; and

e Hydraulics and water age in the Hess Reservoir system.

A separate model was developed to evaluate hydraulics in the Hess Reservoir system. Both models use a
combination of static and extended period simulations (EPS) for evaluation and are intended to identify
the strengths and weaknesses of the existing distribution system; therefore, this analysis does not include
any improvements. The calibrated model is then used to identify and evaluate capital improvements for
the future planning periods in years 2020, 2035, and 2045 as discussed in Section 11.0 — Distribution
System Master Planning and Analysis.

6.1 Pumping

6.1.1 Hess High Service Pump Station

Hess HSPS is the City’s primary pump station that provides water to the distribution system from a
combination of eight pumps and has a firm capacity of approximately 215 MGD. System head curves for
Hess HSPS are illustrated in Figure 6.1 and include individual pump curves and a sample of curves with
typical multiple pump combinations. There are considerably more combinations available since each
pump, up to two pumps, can be operated at reduced speed which provides operators a broad pump
selection from which to choose. HSPS operating points from SCADA historian data are also included in
Figure 6.1 to illustrate how measured pumping conditions relate to the system head curves generated by
the hydraulic model. For the purpose of this analysis, system head curves are based on a constant suction

head and do not include minor losses in the reservoir system or HSPS suction piping.

Pressure control is very important to the City’s operation of Hess HSPS. Based on historical operations,
water main breaks in the downtown area have occurred when pressure increases above 93 psi at Central
and Main, therefore, the City has a target pressure of 92 psi. For clarity, water main breaks occur for a

variety of reasons and/or combination of reasons due to age, material, deterioration caused by galvanic
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System Head Curves: Hess High Service Pump Station
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1. Pumps 5 and 7 have similar pump curves.

2. Pumps 3 and 6 have similar pump curves and similar flow and head conditions below the shutoff head of Pumps 5 and 7.

3. Pumps 1, 2, 4, and 8 have similar pump curves.

4. Not all operational pump combinations are shown; the pump combinations shown illustrate a range of flows that can be delivered by Hess HSPS.

5. SCADA historian points recorded during field tests in April 2016.

6. The high and low system head curves represent a probable range between the Roosevelt and Woodlawn Towers at half capacity and full capacity and representative

upstream pressures of the Webb Road Reservoir sleeve valve experienced during field tests in April 2016. The sleeve valve settings and tower levels are controlled manually by
WTP operators as a filling and drafting mechanism to bleed off high system pressure, maintain system pressure at Central and Main, and replenish tower and reservoir storage
during low demand periods. Therefore, the high and low system head curves may not cover the full range of pressure head requirements predicated by system demands, but
they are representative of what can be experienced which is evidenced by the sample set of SCADA historian points that fall within the high and low system head curves.

7. Variable speed curves not shown, but each pump, up to a total of 2 pumps, can operate at reduced speeds with multiple other pump combinations operating at full speed.
8. Minimum hour, maximum day, and peak hour demand conditions represent the entire system (all pressure zones); for clarity, peaking demands in the Northeast pressure
zone are predominatly supplied by Webb Road Reservoir and PS which total approximately 7,160 gpm.
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2016 Water Master Plan Existing Distribution System Analysis

action due to aggressive soils, inadequate restraint at joints, pressure transients caused immediate pump
cycling or valve closures, loss of power at pump stations, submerged groundwater conditions, and/or
inadequate bedding material/installation methods.

Under maximum day and peak hour demands, model results indicate the pressure at the HSPS and at
Central and Main is approximately 99 psi and 92 psi. For comparison, review of the SCADA historian
data during the field tests recorded average pressures of 97 psi and 92 psi at the HSPS and at Central and
Main respectively under flows ranging from 50 MGD to 55 MGD. Hess HSPS has the operational
flexibility to maintain the target pressure as system demands approach 114 MGD by a combination of the
actions listed below. These actions are typically performed daily by WTP operators as the system is
controlled manually:
¢ Running a combination of higher head pumps (Nos. 1, 2, 3, 4, 6, or 8) at a constant reduced speed
with the VFDs;
e Running a combination of higher head pumps at full speed and one higher head pump with a
VFD to deliver varying rates of flow at an operator-selected constant discharge pressure;
e Lowering the operating level in the Roosevelt and Woodlawn towers to mitigate drafting and
reduce the pressure or hydraulic gradient in the distribution system; and
e Adjusting the sleeve valve at Webb Road reservoir to sustain higher upstream pressure;
o Sleeve valve adjustments that increase the upstream pressure result in lower flows into
Webb Road reservoir.
o Supplying the Northeast pressure zone entirely from Webb Road PS (37" St BPS off);
this will increase turnover in the reservoir, but this in turn requires a longer time to

replenish the volume exhausted by peaking demands in the Northeast pressure zone.

The pumping capacity at Hess HSPS can adequately supply the 2016 projected minimum hour, maximum
day, and peak hour demands required by the system of 55.6 MGD, 114.1 MGD, and 154.0 MGD

respectively.

6.1.2 East Pressure Zone

The East pressure zone is the second largest pressure zone, after Hess pressure zone, in the distribution
system in terms of geographical size, total length of pipe, water demand, and is supplied by the Webb
Road PS and the Southeast BPS. System head curves and corresponding pump curves for both pump
stations are illustrated in Figures 6.2 and 6.3 respectively and are based on a minimum discharge pressure

of 65 psi at the Webb Road PS discharge header. During field testing, system demands were low, ranging
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Figure 6.2
System Head Curves: Webb Road Pumps Serving the East Pressure Zone
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1. Southeast BPS not in service and assumes the only point of flow entry to the East pressure zone is through the Webb Road
pumps serving the East pressure zone.

2. Two pumps is firm capacity.

3. System head curves illustrate a probable range; the full range of curves is conditionally based on tower level in the Hess
pressure zone, the pumps in operation and corresponding speed at Hess HSPS, effects of the sleeve valve at Webb Road Reservoir
on suction pressure.

4. Low system head curve based on a constant suction pressure of 42 psi; high system head curve based on a constant suction

pressure of 47 psi. Low and high system head curves are also based on minimum discharge pressure of 65 psi at Webb Road PS.
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Figure 6.3
System Head Curves: Southeast BPS (East Pressure Zone)
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between 5.9 MGD and 6.7 MGD, so the bypass lines in each pump station were open; therefore, no
SCADA historian data is available for comparison with the system head curves. The pump combinations
illustrated in each figure include up to firm capacity, which is defined as the pumping capacity with the
largest pump out of service, and is listed below:
e Webb Road PS: two pumps delivering a combined total of approximately 25.0 MGD at 51 feet of
pump head; and
e Southeast BPS: one pump delivering approximately 12.0 MGD at 130 feet of pump head.

Currently, Webb Road PS is the primary water supply mechanism serving the East pressure zone and is
controlled by discharge pressure, targeting between 55 psi and 65 psi at the pump under varying rates of
flow. WTP operators also monitor pressure at the intersection of Kellogg Drive and Webb Road which is
at a higher elevation of approximately 1,367 feet (70" percentile with respect to the entire pressure zone)
and has historically experienced lower pressure than the remainder of the East pressure zone; therefore, it

is used as a secondary operational control point.

The pumping capacity at Webb Road PS is adequate to deliver the projected 2016 maximum day and
peak hour demands of 16.5 MGD and 22.4 MGD respectively to the East pressure zone. The pumping
capacity at Southeast BPS is adequate to deliver approximately half of the maximum day demand, 8.3
MGD, in parallel with one pump at Webb Road PS; however, this is not recommended because the pump
pushes to the left and higher up on the pump curve resulting in a discharge pressure of approximately 120
psi and increases pressure by approximately 20 psi in the East pressure zone. Southeast BPS is adequate
and better suited to deliver approximately half of the peak hour demand in parallel with one pump at
Webb Road PS without exceeding tolerable pressure increases, approximately 10 psi, at Webb Road PS
and at the intersection of Kellogg and Webb Road. Model results indicate a discharge pressure of
approximately 107 psi at Southeast BPS under peak hour demand conditions.

City staff and WTP operators reported difficulties operating the Southeast BPS that are potentially caused
by recycling water back into Hess pressure zone — when the BPS was in service there was minimal
increase in discharge pressure. Modeling results validate this theory and is likely caused by an open
pressure zone boundary valve or multiple valves that should normally be closed to isolate the Hess and
East pressure zones. Southeast BPS was designed to pump into a closed pressure zone when demands are
high and bypass flow during low and moderate demand periods. The bypass line and valves in the pump

station should also be checked to confirm there is no reverse flow when the BPS is in service.
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The Southeast BPS was installed to address low pressures south of Kellogg and Webb and in neighboring
areas west of this intersection in the Hess pressure zone, meet the projected and expansive growth in the
East pressure zone, and transfer of customers from the Hess pressure zone through a western expansion of
the East pressure zone. Prior to 2006, pressures near the intersection of Kellogg and Webb were
approaching 20 psi during peak demands. Southeast BPS includes a bypass and two 12-MGD pumps
with open slots for two 24-MGD pumps. All pumps are constant speed as the Webb Road PS are
equipped with VFDs. Future growth that was expected to occur beyond the northern and southern limits
of the existing distribution system has been marginal and it was recommended to expand the East pressure
zone into the Hess pressure zone about 3 miles west to Edgemoor Street, which would have also increased
East pressure zone demand. While these conditions are working against the intended purpose, the model
indicates the Southeast BPS pumps current use should be limited to higher peak hour demands in parallel
with Webb Road PS.

6.1.3 Northeast Pressure Zone

Webb Road PS is the primary water supply mechanism for the Northeast pressure zone and 37" Street
BPS provides peaking assistance during high demand periods on an as-needed basis. System head curves
for each pump station are illustrated in Figures 6.4 and 6.5 respectively. Each pump curve and curves for
multiple pump combinations are also shown; other curves exist due to VFD capability of Pump BDP-3,

but are not included for clarity.

Webb Road PS pump selection is based on maintaining a pressure of approximately 50 psi at the
intersection of 34" and Webb Road. WTP operators indicated a target discharge pressure range between
50 psi and 60 psi at Webb Road PS; however, SCADA historian data indicates discharge pressures
commonly occur between 65 psi and 85 psi. The SCADA historian data illustrated in the system head
curve figures for Webb Road PS and 37" Street BPS also show a fairly definitive pattern below the
published pump curves. The system head curves for each pump station developed by the model capture a

representative sample of the SCADA historian points.

The pumping capacity at Webb Road PS can adequately supply the projected 2016 minimum hour,
maximum day, and peak hour demands of 4.1 MGD, 8.4 MGD, and 10.3 MGD respectively assuming the
published curves can be operationally replicated. No conclusions can be drawn on the pumping capacity
of BDP-2 (Webb Road PS) because SCADA historian data suggests the pump curve has shifted; other
possibilities could be a partially closed valve or an open pressure zone boundary isolation valve.

Similarly, no conclusions can be drawn on the 37" Street BPS pumping capacity because SCADA
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Figure 6.4
System Head Curves: Webb Road Pumps Serving the Northeast Pressure Zone
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Notes:

1. 37th St BPS not in service and assumes the only point of flow entry to the Northeast pressure zone is through the Webb
Road PS.

2. Maximum and minimum system head curves are based on a discharge pressures of 83 psi and 65 psi repectively; 83 psi is
the discharge pressure set point and 65 psi is exemplary of the lower discharge pressures from the SCADA historian.

2. System head curves illustrate a probable range; the full range of curves is conditionally based on tower level in the Hess
pressure zone, the pumps in operation and corresponding speed at Hess HSPS, effects of the sleeve valve at Webb Road
Reservoir (this condition represents simultaneous filling from Hess HSPS and drafting imparted by the Webb Rd pumps).

3. SCADA historian data represents periods with no flow from 37th St BPS.
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Figure 6.5
System Head Curves: 37th St BPS (Northeast Pressure Zone)
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historian data suggests the pump curves have shifted or are being influenced by the mechanical governor
on Pump No. 1. Pump testing should be conducted to develop current pump curves for each pump.

6.1.4  West Maple Pressure Zone

West Maple pressure zone is the smallest pressure zone in the distribution system in terms of
geographical size, total length of pipe, demand and is supplied by the West Maple BPS. It is also a closed
system and includes customers west of the Maple Street and City View Street intersection. This pump
station is automated and the control mechanism is a constant discharge pressure of 80 psi for varying rates
of flow. System head curves and multiple pump curve combinations for West Maple BPS are illustrated
in Figure 6.6. There are considerably more combinations available since both pumps can operate in
parallel and at reduced speeds. West Maple BPS operating points from SCADA historian data are also
included in Figure 6.6 to illustrate how measured pumping conditions relate to the system head curves
generated by the hydraulic model.

The pumping capacity of West Maple BPS can adequately supply minimum hour, maximum day, and
peak hour demands of 50 gpm, 104 gpm, and 140 gpm respectively. Peaking demands can exceed 300
gpm, but for the purposes of this analysis evaluating a peak hour demand of 140 gpm is adequate because
the pumping capacity far exceeds occasional high peaking demands in <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>